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ABSTRACT
Rare fossil mammals from Hengdong in the Hengyang Basin of southern China have
provided unusual opportunities to study early mammals in depth, to explore their
phylogenetic relationships, and shed new light on the early radiation of eutherians. The
first mammalian fossil from this basin was recovered fifty years ago. The fauna now
includes ten species belonging to seven orders and is characterized by an abundance of
early insectivores and rodents and their relatives. It also includes a varied group of
mesonychids, didymoconids, and perissodactyls. The species Orientolophus
hengdongensis and the new insectivores and rodents are closely related to those from the
Bumban Member of the Naran Bulak Formation of Mongolia. New material of
Propachynolophus hengyangensis, a species previously considered to be an equoid,
suggests that it probably represents either an early tapiroid or a chalicothere, and that
equids most likely did not occur in the early Eocene in Asia.
Comparisons of the Hengdong fauna with others provide important information for
biostratigraphic correlation and for understanding the mammalian exchange at the very
beginning of the Eocene. Nine biozones are recognized from four Asian Paleocene and
Early Eocene land mammal ages. The first appearances of the Order Rodentia in the
Asian latest Paleocene land mammal age and in the North American Clarkforkian indicate
that these land mammal ages may probably be correlated. The Order Perissodactyla
marks the beginning of the Eocene. Its first appearance id the Asian early Eocene land
mammal age, in the North American Wasatchian, and in the European Spamacian suggest
that these land mammal ages are correlative.
Study and reexamination of the Hengdong fossil mammals indicate that they represent
one of the earliest early Eocene faunas in Asia. The Hengdong fauna is correlated with
the Mongolian Bumban fauna, the North American Sandcouleean of the Wasatchian, and
the European early Spamacian.

CHAPTER I
AN EARLY EOCENE MAMMALIAN FAUNA
FROM HENGDONG, HUNAN PROVINCE, CHINA

1

2
INTRODUCTION
Geographic Location
The Hengyang Basin is located in the south-central part of Hunan Province, China
(27°05'N; 112°57'E). It is somewhat square, with an area of about 5200 km2 (Liu and
Fu, 1986). The basin is bounded by the Heng Shan (Nanyu mountains) on the north,
and by the hills of late Paleozoic rocks on the south near Laiyang city (Young, et al.,
1938). To the east are ridges of early Paleozoic rocks, and westward lie the mountain
ranges near the cities of Hengyang, Shaoyang, and Changning (Fig. 1). The basin is
drained by the Hsiang River and its two major tributaries, the Laishui on the east and the
Chengshui on the west; these tributaries join the trunk river a little to the north of the city
of Hengyang. Hengdong is a small town in Hengdong county, located in the
northeastern part of the Hengyang Basin, about 40 km northeast to Hengyang. A small
branch of the Hiang River, the Mishui, traverses the county.
Previous Exploration
The discoveries of early Eocene mammalian fossils in Hengdong, Hunan Province,
come from extensive geological investigations of the "Red Beds" of southern China.
Southern China in this paper indicates the areas mainly south of the middle and lower
reaches of the Yangtze River, including Hunan, Hubei, Jiangxi, Guangxi, Guangdong,
Jiangsu, Anhei, Zhejiang, and Fujian provinces. The term "Red Beds" means the widely
distributed late Mesozoic and early Cenozoic terrestrial rocks, mainly red in color and
distributed in southern China, which have long attracted the attention of geologists. The
pioneer study of the red beds was made by F. F. von Richthofen, a German scientist,
who led an expedition on a geological survey, including southern China, in latter part of
the nineteenth century. He indicated the presence of "upper Tertiary rocks" in
Guangdong and Hubei, and of "Cretaceous rocks" in Sichuan and the middle and lower
reaches of the Yangtze River.
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Figure 1. Geographic map of Hengyang Basin
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Further investigations have been undertaken intermittently by Chinese geologists
since the beginning of the twentieth century. The red beds of Hunan were carefully
investigated by C. C. Tien, H. C. Wang, and Y. T. Hsu in 1932 in six central districts of
the province (Tien, et al., 1933). They distinguished two sets of red beds in the
surveyed areas. The older set was named the "Hengyang Red Beds" or "Hengyang
Sandstone" and considered to be Eocene in age; the younger was named the "Tanshih
Red Beds" and suggested to be Miocene. By 1936, however, Tien had come to consider
that the "Tanshih Red Beds" were most probably Eocene, based on the "plants in
association with fishes", and that the "Hengyang Red Beds" were Cretaceous (Tien,
1936, p. 462). To prove the age of the two red beds of Hunan Province, C. C. Young,
M. N. Bien, and Y. Y. Lee took three trips in 1938 to several basins of central Hunan
(Young et al., 1938). Fortunately, the first fossil mammal, a left lower dentary with m3,
was found in the "Hengyang Red Beds" from Hengyang Basin in the late Spring of that
year. This basin is the largest and the most important in the province. Young (1944)
reported this single find and proposed that the "Hengyang Red Beds" from which the
fossil came were middle Eocene in age. However, he also pointed out that this "does not
necessarily mean that the whole formation is middle Eocene in age" (Young, 1944, p. 3).
Increasingly detailed studies of the red beds in Hengyang basin have been made since
the 1960s. For example, survey of industrial mineral resources of the red beds called for
accurate stratigraphic information, requiring precision in rock dating and in setting
stratigraphic divisions and establishing correlation. This has been achieved mainly
through biostratigraphy. Paleontological dating for biostratigraphic study calls for the
study of invertebrate, vertebrate, and spore-pollen fossils. Paleomagnetic dating has
been recently employed for Cretaceous rocks, but only a brief report has been published
(Hsu et al., 1990). The invertebrate paleontologic and palynologic research was carried
out by the Hubei Geological Institute, Hubei Geological Bureau, Hubei Petroleum Team,
Hunan Petroleum Team, and Nanjing Geology and Paleontology Institute. The research
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on the Cretaceous ostracodes by S. Z. Guan (1979,1989), on Cretaceous pollen by Z.
L. Zhang (1979), on Cretaceous fresh water lamellibranchiata by R. J. Zhang (1979),
and on stratigraphy by J. M. Hu and D. M. Zeng (1980), J. J. Zhang (1982), and C.
Chu (1986) has been reported. H. M. Li (1965,1979) reported Eocene plant fossils
from the north of Hengyang city.
The vertebrate study led to major progress in defining the early Tertiary strata of the
Hengyang Basin. This research was carried out by the Institute of Vertebrate
Paleontology and Paleoanthropology (IVPP). In 1974 and in 1976, a team led by Z. X.
Qiu and C. K. Li of the IVPP found five new species of fossil mammals from the
original site and from nearby new localities. The name "Lingcha Formation" is given to
the fossil-bearing strata by Li et al. (1979, p. 77), which was further subdivided into an
upper and a lower layer. The fossil mammals were reported in 1979, when Li, Qiu, Yan,
and Hsieh proposed that the lower layer probably represents the early early Eocene and
the upper represents early Eocene, no later than the Cuisian Stage, probably equivalent to
the Spamacian Stage (Li et. al., 1979). Another team led by J . J. Zheng of the IVPP
investigated the fossil localities of Hengyang Basin later in 1978, and in 1984 published a
new fossil mammal species found in the upper layer of the Lingcha formation. Zheng
and Huang (1984, p. 202) considered that both upper and lower fossil-bearing layers are
probably early early Eocene in age, may comparable to the Graybullian substage of the
Wasatchian Stage and Spamacian Stage.
In the fall of 1982, this author joined a team of four led by C. K. Li of the IVPP.
Our original goal for the trip was a general survey of the basin to see if more fossils could
be found. A number of very well preserved skulls of rodents and other mammals were
collected during the trip. To further enlarge the collections and establish the age of the
fauna, the team organized a program planning first to focus research on "origin of the
rodents" and then on "early Eocene mammal fauna". The field work continued each fall
until the end of 1986, when the program ceased. The major results on the rodents have
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been published in the past few years (Ting and Li, 1984; Li and Ting, 1985; Li et al.,
1989; Li and Ting, 1993), however, the fauna has not thoroughly been studied. In the
fall of 1987, a team of three led by the author made the latest trip to the localities and was
extremely fortunate to collect numerous specimens, including new taxa. Six years of
field work tremendously improved both the quality and quantity of collections. The
materials discussed in this dissertation were recovered since 1982, with numbers of them
from the latest trip.
P urpose
This dissertation consists of three chapters. The first identifies all new materials,
reexamines the published species, and discusses the systematic position of each species,
providing information for the biostratigraphic correlation. The discussions on the
higher-level phylogenetic relationships of each form will be covered in future research.
Chapter two compares and correlates the fauna with those of both Asia and other
continents and, further, establishes the Asian Paleocene and early Eocene Land Mammal
Ages. The third chapter summarizes the major conclusions. The age of the fauna is
determined through biostratigraphic and faunal correlation. Geological and
paleoecological information is compiled from the literature for use in developing as
complete a picture of the fauna and its circumstances as possible.
Geological Setting
Regional Geology
The study of geotectonics in China was long influenced by the geosynclinal theory.
However, it has undergone a change in the last decade because of the introduction of the
"plate tectonics" theory by several cooperative projects between Chinese and western
geologists (Hsu, 1981,1982; Hsu et. al., 1988a, b; Zhang et al., 1984). The outline of
tectonic units of China is shown in Fig. 2 (Hsu, 1989, p. 211), although no consensus
on division and interpretation of these units has so far been reached.
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Figure 2. Tectonic units of China (modified from Hsu, 1989)
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Southern China has been referred to the "South China Geosyncline Series" (Yang et
al., 1985, p. 218) or "South China Fold System" (Huang et al., 1985, p. 33) in
traditional Chinese literature. It is considered "a composite of severely deformed belts"
composed of two major folded belts, the Yangtze Folded Belt in the north and the South
China Deformed Belt in the south by Hsu (1989, p. 211). The suture between the
Yangtze Folded Belt and the South China Deformed Belt is named the Xiangganzhe
Suture (Fig. 3, Hsu, 1989, p. 224). The interior regions of the belts are named Yangtze
Terrane (Block) and Huanan (South China) Terrane (Block), respectively. On the north
the Yangtze Terrane borders the North China Block at the Qinling-Dabie belt (Qinling
suture), which marks "the site of the Mesozoic collision of the Yangtze Terrane and the
Sino-Korean continent", and on the west by the Kangdian Suture, "where the Yangtze
Terrane collided with Tibet" (Hsu, 1988a. p. 111,112; Fig. 3). The tectonic units in this
area include: Sichuan Basin (I), Guizhou folded belt (II), the Hunan folded belt (III),
Jiangnan folded belt (VI), and western Guangxi deformed belt (V).
The tectonic evolutionary history of China is complicated. According to Hsu (1989,
p. 209), only northern China is considered to be a craton (block). It was separated from
the Siberia craton by an ocean during the Paleozoic and collided with Siberia during the
Permian. The suture of this collision is marked by a mountain range extending from
Tianshan in the west to Hingganling in the east. South of the North China block was an
open ocean, the Paleo-Tethys. The rest of China, "interpreted as terrenes underlain by
deformed belts", was separated from the North China block by the Paleo-Tethys, and
"accreted to the North China block during continuous compressional deformation from
the late Precambrian to Cretaceous" (Hsu, 1989, p. 209). The Paleo-Tethys largely
disappeared during the Early Mesozoic because of the collision of volcanic arcs and the
northern Tibet block, and the suturing of the Yangtze Terrane onto North China.
In Southern China, two major tectonic units, Yangtze and South China (Huanan)
terrene, were separated by an ocean (the Huanan ocean) during the early Precambrian

Q 3Piec*obrU n "buemeiu* J^ cp h iolite malingo

m j ■totk llae
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■■| —fypclfac

fTTT Mesozoic grmhet

Figure 3. Geologic sketch map of southern China
(modified from Hsu, 1989)
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(Liu et al., 1993, p. 13). The final collision of these two terranes occurred in the early
Mesozoic (Hsu, 1988a, p. 117). Two rift valleys, the Paleo-Tethys in the west and the
Paleo-West Pacific in the east, have influenced the tectonics of southern China since the
Carboniferous (or the mid-Devonian) (Liu et al., 1993, p. 42). According to Hsu (1989,
p. 210), "a new Wilsonian Cycle started in East Asia, when the western Pacific margin
became an active zone of subduction. Mantle convection caused the stretching of the
continental lithosphere on the eastern margin of the Asiatic mainland" and "the continental
crust in the more interior region was only thinned". As a consequence, in eastern and
southern China, the rift basins were formed in the Cretaceous and Tertiary.
Geology of Hengyang Basin
Tectonically, the Hengyang Basin is located in the Hunan folded belt of the South
China Deformed Belt. The Hunan folded belt lies to the southeast, near the
Xianggangzhe suture zone (Fig. 3). The Paleozoic sediments in the region are mainly
composed of marine deposits (Liu et al., 1993). With the collision of the Yangtze and the
South China terrenes in the early Mesozoic (Hsu, 1988a), the sea water finally withdrew
from this region and the terrestrial deposits began to spread in the small basins (417
Geological Team, 1979, p. 145). These basins developed further and enlarged in the late
Cretaceous when "eastern China was influenced by an extension" (Liu and Fu, 1986, p.
27). The Hengyang Basin is the largest among them.
The basement of the Hengyang Basin is composed of Proterozoic and early Paleozoic
low-grade metamoiphic rocks, and late Paleozoic limestone, which crop out around the
basin (417 Geological Team, 1979, p. 141; Fig. 4). According to the 417 Geological
Team (1979, p. 143), the Cretaceous and Tertiary "Red Beds" are deposited in the
alluvial fan, fluvial plain, delta, and lacustrine environments.
The alluvial deposits crop out widely in the north and northwest part of the basin.
They are composed of purple-red conglomerates, sandy conglomerates, and siltstones.
The fluvial deposits form an important component of the upper Cretaceous strata in the

11

(Hengyan*

O W q rtn a

1. early Eocene 2. ?Paleoccnc 3. late Crctaccoua 4, early Crctaceoui
S. laic Triauic-early Jurauic 6. early-middle Triauic 7. Carbomferoiu-Permian
8. Caibonifcrou* 9. Devonian 10. early Paleozoic 11. Proterozoic
12. Meaozoid granite 13. Paleozoic granite 14. thrtut 15. atrike-ilip fault
16. fault 17. batin boundary

Figure 4. Geologic sketch map of Hengvang Basin
(modified from Liu and Fu, 1986)
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eastern part of the basin, and are composed of gravelly sandstones, grayish and light
purple sandstones, and purple-red siltstones. The delta deposits occur mainly in the
upper Cretaceous rocks in the east part of the basin, and are composed of coarse sand,
silty sand, and mud. The lacustrine deposits, consisting of clastic and evaporate rocks,
occur throughout the Cretaceous and the early Tertiary strata.
The early Eocene rocks crop out mainly in the northeastern part of the basin. Li et al.
(1979) proposed "Lingcha Formation" for the early Eocene strata in the Hengyang Basin.
Zheng and Huang (1984) considered that the "Lingcha Formation" is a synonym of
"Limuping Formation" and suggested abandoning the name "Lingcha Formation", based
on Chinese Stratigraphic Code (Zheng et al., 1984, p. 201). This suggestion was
employed lata* in Russell and Zhai's paper (1987, p. 77). In the past, "Limuping
Formation" represented the Eocene-Oligocene (Zheng and Huang, 1984) or Oligocene
(Yang et al, 1979) strata. I feel that "Limuping Formation" can not be used as a synonym
of "Lingcha Formation", because "Lingcha Formation" represents the early Eocene based
mainly on the fossil-bearing layer at the upper part of the strata (Li et al., 1979). In this
paper, "Lingcha Formation" is used to represent the early Eocene strata.
The early Eocene mammalian fossils are mainly found in the localities about 15 km
southwest to Hengdong (Fig. 5). Li et al. (1979) measured two geological sections
across the fossil localities for the first time. The fossils near Limuping are from the lower
part of Lingcha formation and the fossils near Lingcha are from the upper. Two
geological sections, the Limuping across the lower part and the Pukueitang-Lingcha
across the upper, were taken separately because of heavy overburden between them. It is
assumed that there are about 100 m thickness between the lower fossil layer (mainly in
layer 3 and 4 of Limuping section) and the upper (mainly in layer 7 and 8 of PukueitangLingcha section) (Li et al., 1979).
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Figure 5. Fossil localities of Hengdong county

14
The Limuping Section (Li et al., 1979) (Fig. 6)
(1) Massive dark red fine nibble-bearing sandstone (diameter of rubble l-2cm), bearing fragmentary
mammal fossils; fault contact with Devonian rocks
8.2m
(2) Yellowish green siltstone and mudstone interbedding with thin purple red rubble-bearing
sandstone; grayish white sandy marl at the top; bearing turtle and crocodile fossil
18.4m
(3) Purple red mudstone intercalating with pink sandy mudstone, bearing fragmentary mammal
fossil, Ardiaeotambda
79.2m
(4) Purple red mudstone interbedding with grayish calcareous siltstone, bearing Arthaeolambda and
crocodile skull
30m

The Pukueitang-Lingcha Section (Li et al., 1979) (Fig. 7)
(1) Brown red silty mudstone; angular unconformableor fault contact with underlain Devonian rocks
141.9m
(2) Yellowish green middle-coarse sandstone interbedding with mudstone
10m
(3) Purple red thin sandstone interbedding with mudstone, intercalating with yellowish green thick
coarse sandstone
88.0m
(4) Purple red mudstone intercalating with thin silty calcareous mudstone and few thin dark red silty
sandstone
21.8m
(5) Grayish calcareous thin fine sandstone interbedding with purple red mudstone, intercalating with
yellowish brown fine sandstone lens
36.8m
(6) Purple red mudstone intercalating with calcareous grayish green thin marl, mudstone bearing
numerous nodules
53.3m
(7) Purple red mudstone bearing numerous nodules, with fine sandstone on top; bearing mammalian
fossils, including Propachynolophus hengyangensis, Cocomys Ungchaensis,
Matutinia nltldulus, and Asiocoryphodon sp. etc., and lizards
23.7m
(8) Yellowish green, light and dark gray mudstone and shale, bearing turtle and
Propachynolophus hengyangensis
> lm

Paleoenvironm ent
After final collision of the Yangtze Terrane with the North China block in the early
Mesozoic, "the Asiatic mainland reached its greatest geographic extent during the
Cretaceous", including even Japan, Taiwan, the Philippines, and Indonesia; the coastline
was located "at least hundreds of kilometers east and south of the present mainland coast"
in the Cretaceous (Hsu, 1989, p. 210). As a consequence most of the Chinese
continental interior was far from the coast and "much of China was turned into a huge
desert at the aid of the Cretaceous" (Hsu, 1989, p. 210). This geographic position
played an important role in affecting the climate and the related environment in the late
Cretaceous and the early Tertiary in southeastern Asia. In the early late Cretaceous, the
Hengyang Basin attained its greatest size. It connected with the Xiangtan Basin in the
north and with the Zhuzhou Basin in the northeast. However, the basin was reduced in
area at the aid of the Cretaceous due to the uplift in the south and the northwest (417
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Geological Team, 1979, p. 147). The climate was hot and dry (Hunan Bureau of
Geology and Mineral Resources, 1988, p. 637). At the beginning of the Tertiary, the
environment became relatively stable and quiet. The brackish and salt water lake deposits
form an important component in the Paleocene of the Hengyang Basin (Human Bureau
of Geology and Mineral Resurces, 1988, p. 638). The Paleocene ostracodes are
represented by Cypridea nanxiongensis, C. elongata, Porpocypris orbiculata, and
Eucypris dubia, etc. (Guan, 1979, p. 127). In the early Eocene, freshwater and shallow
lake sediments deposited in a very small local area in the Hengyang Basin (Hunan Bureau
of Geology and Mineral Resourses, 1988, p. 638). The early Eocene ostracodes are
represented by the Cypris-Sinocypris-Limnocythere assemblage, including Cypris
henanensis, C. cf. dercaryi, Metacypris changzhouensis, Sinocypris reticnlata, S.
excelsa, S. funingensis, Limnocythere weixianesis, L. hupehensis, Cyprinotus libitus,
Candomella swim, and Eucypris hengyangensis (Liang and Zhang, 1984, p. 297). The
plants are represented by the subtropical plants, Palibinia angustifolia, P. laxifolia, P.
pinnatiflda, and P. latifoUa, etc. (Li, 1965, 1979, p. 234). Wang et al. (1984, p. 338)
suggested that in the early Tertiary this area belongs to a continental interior, dry, and
subtropical climate zone.
SYSTEMATIC PALEONTOLOGY
Class Mammalia
Order Insectivora Bowdich, 1821
Suborder Soricomoipha (Gregoiy, 1910; McKenna, 1975)
Superfamily Palaeoiyctoidea (Winge, 1917; Van Valen, 1963)
Family Microptemodontidae Stirton and Rensberger, 1964
Genus Hsiangolestes Zheng and Huang, 1984
Species Hsiangolestes youngi Zheng and Huang, 1984
This species was described by Zheng and Huang in 1984 based upon the type
specimen IVPP V-7353, an anterior part of the skull with upper dentition. They assigned
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the species to an Asian endemic family, Didymoconidae. Restudy of this species based
on the new materials including the complete skulls is one of the major portion in this
section. The materials described herein include: IVPP V-5791, a skull with right P^M 3
and left P2*3, M1, and M3; IVPP V-5792, a skull; IVPP V-5793, a skull with right lower
jaw; IVPP V-5794, a skull with partial lower jaw; IVPP V-5795, an anterior part of the
skull; IVPP V-5796, an anterior part of the skull; IVPP V-5797, an anterior part of the
skull; IVPP V-5798, an anterior part of the skull; IVPP V-5799, an anterior part of the
skull; IVPP V-5800 a partial skull with lower jaw; IVPP V-5801, an anterior part of the
skull with lower jaw; IVPP V-5802, an anterior part of the skull with lower jaw; IVPP
V-7431, a partial skull with fragmentary lower jaw; IVPP V-7432, a partial skull with
fragmentary lower jaw; IVPP V-7433, a lower jaw with left pi-m2 and right pi-4 and a
partial skull; IVPP V-7434, a lower jaw with partial skull; IVPP V-7435, a partial skull;
IVPP V-7436, a partial lower jaw; IVPP V-7437, a partial lower jaw; IVPP V-7438, a
complete skull which has been processed into serial sections. (Field number, 76004,
82023, 82024).
Dentition
(Plate 1)
Dental formula 3/3,1/1,4/4,3/3. The dental formula of H. youngi is the same as
that of Sinosinopa sinensis, a middle Eocene insectivorian species. It differs from that of
Prosarcodon lonanensis, an early-middle Paleocene insectivorian species, and Sarcodon
pygmaeus, a late Paleocene or early Eocene insectivorian species, in which both upper
and lower M3 are lost.
Incisors
Upper incisors are well preserved in the specimen IVPP V-5794. The three small
incisors are almost equal in size, with I2 slightly larger than I1 and I3 and close together.
The interval between left and right I1 is longer than the one between each incisor. The I1
and the I2 are situated at the anteriormost edge of the premaxilla, and the I3 is situated

Plate I. Hsiangolestes youngi
. dorsal, b. ventral, c. lateral view of skull of IVPP V-5791
d. occlusal view of lower dentition of IVPP V-7433
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slightly posteriorly. The I1 and the I2 are trifurcate at their occlusive edge so that these
incisors are leaflike. The I3 is bifurcated at its occlusive edge, with the lateral branch
lost. The lower incisors can be seen in the specimens IVPP V- 5794 and 7433. They are
very small, about equal in size, and closely located at the narrow anterior extremity of the
lower jaw. The cross section of the lower incisor is oval and the crowns of the lower
incisors are flat and bifurcated at their occlusive edges. The number of incisors of H.
youngi is the same as in Prosarcodon lonanensis. However, the largest incisor in P.
lonanensis is the anteriormost one, while it is the second in H. youngi.
Canines
The canines can be seen in the specimens IVPP V-5792 and 5794. Both the upper
and the lower canines are large, long, and robust, and are conical, curved, and
projecting. The upper canine is separated from the I3 by a wide, distinct gap. The upper
canine is oval shaped in cross section at its basal part and tapering at its tip. The lower
canines are slightly shorter than the upper and about the same shape as the uppers. Both
left and right lower canines are medial to their upper counterparts in occlusion.
The canines of H. youngi are similar to those of P. lonanensis and S. sinensis in
being large and robust, with a very short postcanine diastema and in being oval in cross
section.
Premolars
The upper premolars are described mainly based on the specimen IVPP V-5791.
Description of lower premolars is based principally on specimens IVPP V-5794 and
7433. Both upper and lower premolars are unmolarized.
P1 is a small, double-rooted, single-cusped, piercing tooth. The anterior surface of
the tooth is broad and tilts slightly forward; the posterior edge is crested, pi is closely
posterior to the canine. It is a small, simple, single-rooted, and unicuspid tooth. The pi
is compressed laterally and inclined forward. A slight heel appears at the posterior edge
of the tooth.
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P1 of H. youngi is similar to that of P. lonanensis in being a small, piercing tooth
with posterior slope crested However, it differs from the latter in being two-rooted
instead of single-rooted. The morphology of P1 of H. youngi is similar to that of S.
sinensis, pi of H. youngi is similar to that of P. lonanensis in being small, single
rooted, and unicuspid; however, it differs from the latter in projecting forward It is also
similar to that of S. pygmaeus in being single-rooted
P2 is about 1 mm posterior to the P1. It is a double-rooted, piercing tooth and
slightly largo- than P1. The morphology of P2 is similar to that of P1; howevo, P2 has a
large anterior cusp and a smallo posterior accessory cusp. The anterior cusp is greatly
enlarged and projecting. A crest at the anterior surface of the anterior cusp extends
lingually from the tip of the tooth to about two-thirds of the tooth height. The posterior
edge of the tooth is crested. p2 is closely posterior to the pi and larger than pi. It is a
double-rooted, unicuspid, laterally compressed tooth. The apex of the protoconid lies
over the anterior root. The anterior base of the protoconid projects forward, but there is
no trace of any cusp. A concave crest curves downward and extends posteriorly, ending
in a heel above the posterior root.
P2 of H. youngi is similar to that of P. lonanensis in being a double-rooted piercing
tooth and in having a small cusp posterior to the main cusp. However, the P2 of P.
lonanensis is about twice the size of P1, while the P2 of H. youngi is only slightly larger
than P1. Compared to S. sinensis, the outer edge of P2 of H. youngi is less oblique to
the tooth row, and the P2 is more compressed laterally and has a smaller posterior cusp.
The morphology of p2 of H. youngi is similar to that of P. lonanensis, but differs from
the latter in having no anterior basal cusp on the anterior base of the protoconid. It is
similar to those of S. pygmaeus and Hyracolestes ermineust a late Paleocene
insectivorian species, in being two-rooted. The p2 of H. youngi differs from that of
Naranius infrequens, an early Eocene insectivorian species, in having a longer talonid.
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P3 is about 1mm posterior to the P2 and is larger than the latter. It is a double-rooted
tooth; however, the posterior root is much larger than the anterior. P3 has a large anterior
cusp and a small posterior cusp. A crest at the anterior surface of the anterior cusp
extends lingually from the tip of the cusp to two-thirds of the tooth height. The posterior
edge of the tooth is crested. The crest around the posterior cusp is enclosed as a basin.
p3 is closely posterior to the p2 and slightly largo- than p2 . It is double-rooted, laterally
compressed, and has three well developed cusps. The conical protoconid is
considoablly taller than the others. The paraconid is small, distinct, and anteriorly
situated at the base of the protoconid. The heel cusp is distinct and smallo than the
paraconid. Two sharp oests extend from the apex of the protoconid anteriorly to the
paraconid and posteriorly to the heel cusp.
P3 is particularly distinctive of this species. It is much less molarized than that of
S. sinensis. The occlusal view of P3 is bladelike in H. youngi and triangular shaped in
S. sinensis because of the lack of the protocone in H. youngi. The outer edge of the
tooth in H. youngi is less oblique to the tooth row than that of S. sinensis. It also differs
from S. sinensis in having no parastyle and a smaller metastyle. The P3 of H. youngi is
also less molarized than that of P. lonanensis. P3 of P. lonanensis is three-rooted, with a
distinctive protocone and parastyle, while H. youngi is two-rooted and lacks protocone
and parastyle. Also H. youngi differs from P. lonanensis in having a smaller metastyle.
p3 of H. youngi is similar to that of P. lonanensis in basic morphology, but differs from
the latter in being situated closer to the p2 . It is similar to that of S. pygmaeus and H.
ermineus in being two-rooted, but differs from H. ermineus in having less developed
anterior cusp and talonid. The p3 of H. youngi is relatively larger compared to p4 than is
that of N. infrequensyand it has a more developed anterior cusp; however, the posterior
cusp is not so well developed as in N. infrequens,
P4 is about 1 mm posterior to the P3, triangular in outline, and is the largest and only
upper premolar with three roots. It has a distinctive protocone, paracone, metacone,
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hypocone, parastyle, and metastyle. Two small cuspules, one at the anterior crest
between the parastyle and the protocone and the other at the crest between the paracone
and the protocone, probably represent the protoconule and the metaconule. The paracone
is the most prominent and the largest cusp, and the hypocone is the smallest. The
metacone is well developed and the metastyle is rudimentary. The protocone is shorter
than the paracone, but much higher than the metacone and the hypocone. A weak
cingulum runs from the parastyle to the metastyle. A very weak cingulum extends from
the posterior base of the protocone across the hypocone to the middle of the tooth. There
is no cingulum anterior to the protocone. p4 is closely situated behind the p3 and slightly
larger than the p3. It is double-rooted and compressed laterally. Three cusps are well
developed. The conical protoconid is by for the tallest. The paraconid is smaller and
closely situated anterior to the base of the protoconid. The heel cusp is about same size
as the paraconid. The heel cusp in p4 is much larger than in p3. Two sharp crests extend
from the apex of the protoconid anteriorly to the paraconid and posteriorly to the heel
cusp. The posterior crest is more oblique than is the anterior.
P4 of H. youngi is very different from that of P. lonanensis. In H. youngi all major
cusps are present, although the protocone, the metacone, and the hypocone are not so
well developed as in the molars. However, P. lonanensis has only the protocone and
paracone developed, and shows no trace of the metacone and the hypocone. H. youngi
has two small cuspules on its anterior and posterior crests between the protocone and the
parastyle, as well between the protocone and the paracone, probably the protoconule and
the metaconule. P. lonanensis has no trace of the conules. The morphology of P4 of H.
youngi is similar to that of S. sinensis; however, it differs from the latter in having less
development of the parastyle and the metastyle, and smaller protocone and hypocone. p4
of H. youngi is important in identification of the species. In P. lonanensis and S.
pygmaeus, the p4 are molarized or submolarized, while in H. youngi thep4 is
unmolarized. The main cusps of p4 of S. sinensis are broken. The p4 of both S.
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pygmaeus and H. ermineus differ from H. youngi in having a well developed metaconid
on the trigonid. The talonid of p4 of S. pygmaeus has two cusps, but there is no distinct
cusp on H. youngi. The p4 of H. youngi differs from that of N. infrequens in having a
more developed anterior cusp. It differs from that of Tsaganius ambiguus, an early
Eocene insectivorian species, in having no metaconid and a less developed talonid.
Molars
The upper molars are described based mainly on the specimen IVPP V-5791, and the
lower molars are described based on the specimen IVPP V-7433 and 7434.
M1 is closely posterior to the P4 and transversely elongate with rather high, piercing
cusps. Both the paracone and the metacone are taller than the protocone. The paracone is
slightly taller than the metacone. The hypocone shelf is well developed and strongly
projects posteriorly. The hypocone is situated at the posterolingual comer of the
hypocone shelf, much lower than the protocone. The protoconule is larger than the
metaconule, and both have a very small cusp labial to them. The parastyle is small. The
metastyle is much more developed than the parastyle, and has a large wing projecting
posterolabially. A weak cingulum extends from the anterolingual base of the protocone
to the anterior base of the protoconule. The external cingulum is well developed and
extends from the labial side of the parastyle to the metastyle. The elongate mi is situated
closely posterior to the p4, and is much larger. The trigonid bears three well developed
cusps. The conical protoconid is the the tallest. The cross section of the protoconid is
triangular, with the apex of the triangle situated labially. Two sharp crests run down
from the apex of the protoconid lingually and anteriorly. The short anterior cingulum
encircles the base of the paraconid. The paraconid is the smallest, bladelike, and oval in
cross section, projecting lingually from the anterior base of the protoconid. The
metaconid is slightly shorter than the protoconid and situated just opposite to the
protoconid. The cross section of the metaconid is triangular. Two sharp crests run down
from the apex of the metaconid labially and posteriorly. The posterior crest of the
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metaconid connects with the oblique crest of the talonid. There is a deep notch between
the protoconid and the metaconid. The talonid bears three cusps: the hypoconid, the
entoconid, and the hypoconulid The hypoconid and the hypoconulid are about the same
size; the entoconid is smaller. The cusps enclose an elongate talonid basin, which is open
anterolingually. A short, low oblique crest crosses the talonid to join the base of the
trigonid and connects with the posterior crest from the metaconid.
TheM1 of H. youngi clearly differs from that of P. lonanensis in having much more
developed hypocone, hypocone shelf, and metastyle wing, so that the outlines of M1 of
two species are different. It differs from that of S. pygmaeus in having a much less
developed metastyle wing and hypocone shelf. The morphology of M1 of H. youngi is
similar to that of S. sinensis; however, it differs from the latter in having smaller conules
and less developed hypocone and hypocone shelf. It differs from that of N. infrequens
in having more developed conules, larger hypocone and hypocone shelf, and straight
labial edge. The mi of H. youngi is similar to that of P. lonanensis in basic morphology,
but differs from the latter in having an anteroposterially flatter paraconid and slightly
shallower trigonid basin. It is similar to that of S. pygmaeus in basic morphology, but
differs from the latter in having a more open trigonid basin and elongate talonid basin.
The mi of H. youngi has sharper cusps than that of H. ermineus and also differs from
the latter in having more basin like talonid composed of three distinctive cusps. The mi
of S. sinensis is not preserved. The mi of H. youngi is similar to those of N. infrequens
and T. ambiguus in basic morphology.
M2 is slightly larger than M 1 and is basically similar in morphology. However, the
parastyle of M2 is more developed than that of M1. The conules of M2 are stronger than
those of M1 and clearly doubled. The hypocone shelf of M2 is more developed than that
of M1. m2 is closely posterior to mi and larger than mi. The basic morphology of m2 is
very similar to that of m i; however, the m2 has a more developed paraconid and anterior
cingulum around it and the entoconid, and shows no posterior crest on the metaconid.
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There is a clear camassial notch between the paraconid and protoconid, but not between
the protoconid and metaconid.
The M2 of H. youngi is very different from that of P. lonanensis because the M2 of
the latter is the last upper molar. The metastyle wing and the hypocone shelf in P.
lonanensis have been lost, but are quite well developed in H. youngi. M2 of H. youngi
is similar to that of S. sinensis, but differs from the latter in having a less developed
metastyle, smaller conules, and less developed hypocone and hypocone shelf. P.
lonanensis and S. pygmaeus have only two lower molars, and their m2 morphologies are
very different from the regular m2 , so that they are not comparable with the m2 of H.
youngi. The M2 of H. youngi differs from that of N. infrequens in having more
developed conules, larger hypocone and hypocone shelf, and straight labial edge of the
tooth. The m2 of H. youngi is very similar to that of S. sinensis, except it lacks the
distinct notch between the parotoconid and the metaconid. It is similar to those of N.
infrequens and T. ambiguus in basic morphology. The m2 of P. lonanensis is similar to
the m3 of H. youngi in shape and basic morphology because of the lack of m3 in the
former.
M3 is the smallest upper molar and closely situated posterior to M2. The paracone is
the largest and the tallest cusp. The hypocone shelf has been lost and the hypocone is
very small. The protoconule is larger than the metaconule, and the small cusps labial to
them are much more reduced. The parastyle is very well developed and the parastyle
wing is strong. The metastyle has been lost, so that the outer edge of the tooth is very
uneven. Both anterior and posterior cingula are very weak. On the elongate m3, the
trigonid bears three cusps, with the protoconid the highest and the paraconid the smallest.
The morphology of the trigonid of m3 is similar to that of m2 , and the notch between the
protoconid and the metaconid is sharp. The talonid bears a distinctive hypoconid,
entoconid, and hypoconulid. The talonid is elongate and longer than those of mi and m2 ,
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because the hypoconulid is large and projects far posteriorly. The hypoconulid is taller
than the hypoconid and the entoconid.
M3 of H. youngi is similar to the M2 in P. lonanensis in outline. The morphology of
the M3 of H. youngi is similar to that of S. sinensis; however, it differs from the latter in
having smaller conules. m3 of H. youngi is similar to those of 5. sinensis, N.
infrequens, and T. ambiguus in basic morphology.
Measurements (in mm)
Upper dentition (based on IVPP V-5791)
right
length
I1
p
p
c
P1
P2
P3
P4
M1
M2
M3

1.5
1.5
2.0
2.2
2.7
2.8
2.8
1.7

left

width

length

0.8
0.8
0.7
1.6
0.8
0.9
1.1
2.5
3.5
4.3
4.0

width
0.8
0.8
0.7

1.4
1.9
2.2
2.5
2.6
2.5
2.0

0.7
0.9
1.0
2.5
3.5
4.3
4.0

Lower dentition (based on IVPP V-7433 and 7434)
*2
i3
Pi
P2
P3
P4
mi

0.5
0.7
1.5
2.0
2.5
2.6

2.8
3.3

m2

3.5

m3

3.7

0.9 (trig.)
1.9 (trig.)
1.1 (tal.)
2.2 (trig.)
1.8 (tal.)
2.2 (trig.)

Skull
(Plate 1)
The skull description is based on the specimens IVPP V-5791,5792,5793, and
5797.
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Nasal (Fig. 8)
The nasal can be seen in the specimens IVPP V-5791 and 5793. It is a narrow,
elongate, and slender bone, occupying about one third of the skull length in dorsal view.
It extends posteriorly to the level above M1. The nasal is basically equal in width,
tapering gradually after its junction with the maxillary-frontal suture. In most of the
specimens at hand, the anterior process of the nasal does not extend beyond the anterior
edge of the premaxilla, and the anterior edge of the nasal is concave and retractive
posteriorly. The nasal of H. youngi is similar to that of 5. sinensis in shape and both of
them are elongated to the level above M1.
Premaxilla (Fig. 8,9)
The premaxilla can be seen in the specimens IVPP V-5791,5792,5793, and 5797.
The premaxilla is a small bone, of triangular shape in dorsal view, situated at the
extremity of the snout. The premaxillary-maxillaiy suture runs from a point above the
posterior edge of the canine laterally to the anterior edge of the canine. In palatal view,
the premaxilla strongly curves inward between the I3 and the canine. The incisive
foramen is large and oval. Its anterior extremity is just behind the incisor, and the
posterior edge is at about the level of the middle of the canine. The premaxilla of H.
youngi is similar to that of S. sinensis in being small and triangular in dorsal view.
However, the palatal part of the premaxilla is not preserved well in S . sinensis, so that it
is uncertain whether the strong retraction behind the I3 occurred in the latter.
Maxilla (Fig. 8,9,10)
The maxilla is a large element and occupies almost all of the facial region because of
the small extension of the premaxilla and the elongation of the snout. In dorsal view the
maxilla is narrow and rectangular. The maxillaiy-nasal suture is short and straight. The
maxillary-frontal suture is short and coarsely interdigitated, extending from the dorsal
junction with the nasal to the junction with the lacrimal. The maxillaiy-lacrimal suture,
well exposed on the facial surface, is short and convex anteriorly. The infraorbital canal
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is short and circular in cross section. Its anterior opening is situated at the level above the
anterior edge of the P4. The posterior opening lies within the orbital wing of the maxilla.
The zygomatic process of the maxilla is thin and slender, extending posteriorly and
horizontally. The palatal process of the maxilla is narrow, flat, and rectangular. It
occupies almost half the area of the palatine. The maxillary-palatine suture runs from the
posterior edge of the M1 obliquely to meet the same suture opposite at the level of P3,
forming a "V" with the apex of the "V" directed posteriorly. The orbital process of the
maxilla is small and exposed on the ventral part of the orbital wall. It contacts the
lacrimal dorsoanteriorly, the frontal dorsally, and the palatine posteriorly. The lacrimalmaxillary suture is short. The maxillaiy-firontal suture is on the ventral side of the medial
wall of the orbit. Two small foramina are situated at the medial anterior wall of the
maxilla, the sphenopalatine anteriorly, and the posterior palatine posteriorly. The maxilla
of H. youngi is similar to that of S. sinensis in being relatively large, but it differs from
the latter in having a relatively larger infraorbital foramen, based on the description of Qi
(1987).
Lacrimal (Fig. 8,9)
The lacrimal is a small element in the facial and orbital region. It has a distinctive
crescentic facial process. The surfaces of the facial process and the maxilla near the facial
process are flat and smooth. The suture between the maxilla and the facial process of the
lacrimal is a short arc, convex anteriorly. In the orbital region the lacrimal is rectangular.
It contacts the frontal posteriorly, the maxillar ventrally, and the palatine at the
posteroventral comer. The lacrimal foramen is large and irregular in shape, and is
situated at the anterior extremity of the lacrimal at the medial wall of the orbit and
confined within the orbital region. The lacrimal in both P. lonanensis and S. sinensis is
not well preserved. Jugal is not preserved in most of the specimens. The zygomatic arc
is composed mainly of the zygomatic processes of the maxilla and the squamosal based
on specimen V-5792.
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Frontal (Fig. 8,9)
The frontal is a distinctive bone composing the roof of the skull and is also a large
element of the orbital region. In dorsal view the frontal is rectangular, with the middle of
the anterior edge curving posteriorly. It contacts the nasal and the maxilla anteriorly and
the parietal posteriorly. The frontal-maxillary suture and the frontal-nasal suture meet at
the middle part of the nasal bone to form a "V", with the apex of the "V" anteriorly
directed. The frontal-parietal suture is short and diagonal, running obliquely to the
posterior edge of the orbit. The supratemporal crest extends from the point where the
paired frontal-parietal sutures meet, to the supraorbital process. The supraorbital process
of the frontal is small, tapering at the tip, situated at the posterior edge of the frontal. The
postorbital constriction of the skull is posterior to the supraorbital process of the frontal
and close to the frontal-parietal suture. The orbital process is irregularly shaped and
extends almost down to the ventral side of the medial wall of the orbit. It contacts with
the lacrimal anteriorly, with the maxilla anteroventrally, with the palatine ventrally and
with the orbitosphenoid posteriorly. The frontal-lacrimal suture is short, straight,
extending from the anterior edge of the dorsal rim of the orbit down almost to the ventral
edge of the medial wall of the orbit. The frontal-maxillary suture is short, straight, and
situated at the ventral edge of the medial wall of the orbit. The short frontal-palatine
suture lies between the frontal-maxillary suture and the frontal-orbitosphenoidal suture.
The long frontal-orbitosphenoidal suture extends from the point where this suture meets
the frontal-palatine suture at the ventral edge of the medial wall of the orbit, to the
dorsoposterior rim of the orbit. The frontal is not preserved in P. lonanensis. Only a
partial frontal is presaved in S. sinensis. It is similar to that of H. youngi in being
broad.
Parietal (Fig. 8,9)
The large parietal is the most notable dement in the roof of the skull, occupying
almost half the length of the skull roof. It is elongate anteroposteriorly and distinctly
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convex dorsally at the middle, indicating bilateral expansion of the cerebral hemispheres.
It contacts the frontal anteriorly, the squamosal, and the alisphenoid ventrolaterally, and
the interparietal posteriorly. The parietal-frontal suture is described above. The parietalsquamosal and the parietal-alisphenoidal sutures are coarsely interdigitated, and run from
the triple junction of the squamosal, alisphenoid, and parietal, to the lambdoid crest. The
dorsal surface of the parietal is smooth. The slender sagittal crest runs from the frontalparietal suture to the lambdoidal crest. The parietal is not described in either P.
lonanensis or S. sinensis.
Interparietal (Fig. 8,9)
The small interparietal is situated at the posterior extremity of the skull. It is
rectangular and contacts the parietal anteriorly, and is bounded posteriorly by the
lambdoidal crest. The interparietal-parietal suture runs from the lateroposterior comer of
the skull to a point about 2 mm anterior to the lambdoidal crest. The interparietal is not
preserved in either P. lonanensis or S. sinensis.
Squamosal (Fig. 8,9,10)
The squamosal is a large element in the temporal region and comprises the posterior
portion of the medial wall of temporal fossa. It contacts the parietal dorsally, the
alisphenoid ventroanteriorly in the temporal region, the jugal anteriorly, the mastoid
posteriorly, and the petrosal ventrally. The squamosal-parietal suture was described in
the parietal section above. The short squamosal-alisphenoidal suture runs from the triple
junction of the parietal, the squamosal, and the alisphenoid posteriorly to meet the
squamosal-petrosal suture, which runs posteriorly along the ventral side of the
postglenoid process and contacts the anterior edge of the mastoid. The very short
squamosal-petrosal suture lies anterior to the mastoid process. The dorsal surface of the
squamosal is flat and smooth, with no foramina. A sharp longitudinal crest marks the
dorsal border of the root of the zygomatic process, which extends forward to form the
posterior portion of the zygomatic arch. The zygomatic process is broad and flat near the
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root of the zygomatic arch, tapering anteriorly to contact the process of the maxilla. In
ventral view, the glenoid fossa is a large, somewhat transversely concave surface. The
postglenoid process is thin and triangular and forms the posterior wall of the glenoid
fossa. A large, circular postglenoid foramen is situated just behind the postglenoid
process. The meatal surface of the squamosal is smooth and elongate. The squamosal in
S. sinensis is not preserved. The squamosal of H. youngi is similar to that of P.
lonanensis in having a large postglenoid foramen, and differs in having a large transverse
glenoid fossa and a more prominent postglenoid process.
Alisphenoid (Fig. 9,10)
The alisphenoid forms the large part of the medial wall of the orbitotemporal fossa
and is inflated laterally. It contacts the parietal and squamosal dorsally, the
orbitosphenoid anteriorly, the pterygoid and palatine ventrally, and the petrosal
posteriorly and ventrally. The alisphenoidal-parietal and the alisphenoid-squamosal
sutures are described above. The alisphenoid-squamosal suture is described in the
squamosal section. The alisphenoid-orbitosphenoidal suture is coarsely interdigitated and
runs from a point ventral to the junction of the frontal, the orbitosphenoid, and the
alisphenoid, ventrally to the ventral edge of the medial wall of the temporal fossa. A
large circular foramen, here identified as the sphenorbital fissure, is situated at the ventral
end of the alisphenoid-orbitosphenoid suture. Posterior to the sphenorbital fissure and
separated from it by a bony septum is another large circular foramen, the anterior opening
of the alisphenoid canal. The alisphenoid canal is moderately long and defined laterally
by a thin bony septum. The posterior opening is much smaller than the anterior and
situated closely anterior to the foramen ovale. The foramen ovale is large, elongate, and
situated anterior to the petrosal and medial to the alisphenoid-petrosal suture. The
alisphenoid-pterygoid suture circles the pterygoid bone. The alisphenoid-petrosal suture
runs just anteroventral to the petrosal. The alisphenoid-palatine suture is coarsely
interdigitated. The alisphenoid is not presaved in S. sinensis, and only partially
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preserved in P. lonanensis. The alisphenoid of H. youngi is similar to P. lonanensis in
having a large foramen ovale.
Orbitosphenoid (Fig. 9,10)
The orbitosphenoid comprises most of the lateral part of the orbital wall. It is
elongate, nearly rectangular, and contacts the frontal dorsally and anteriorly, the parietal
and the squamosal dorsally, the alisphenoid posteriorly, and the palatine ventrally. The
sutures of the orbitosphenoid with the parietal, the squamosal, and the alisphenoid have
been described above. The coarsely interdigitated orbitosphenoid-palatine suture extends
along the ventromedial border of the orbit. The large, circular optic foramen is situated
just dorsal of the triple junction of the orbitosphenoid, the alisphenoid, and the palatine.
Closely anteroventral to the optic foramen is a small circular foramen of unknown
function. The orbitosphenoid is not preserved in either P. lonanensis or S. sinensis.
Pterygoid (Fig. 9,10)
The slender pterygoid extends from the posterior palatine process to a point
anteromedial to the anterior opening of the alisphenoid canal. It contacts the palatine
anterodorsally and the alisphenoid dorsoposteriorly. The short pterygoid-palatine suture
is coarsely interdigitated and "V"-shaped, with the apex of the "V" directed posteriorly.
It runs from the posterior edge of the palatine process posteriorly to meet the pterygoidalisphenoid suture near the lateral crest of the pterygoid. The pteiygoid-alisphenoid
suture is a curved line and coarsely interdigitated, running around the pterygoid. The
pterygoid is bifurcated, with a long major medial branch and a short lateral branch. The
pterygoid is not preserved in S. sinensis, and only partially preserved in P. lonanensis.
The pterygoid of H. youngi is similar to that of P. lonanensis in having a large medial
branch.
Palatine (Fig. 9,10)
The palatine is a large part of the palate. It is trapezoidal and occupies slightly less
than half the palate area. It contacts the maxilla anteriorly in the palate, the
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orbitosphenoid dorsally, and the alisphenoid and pterygoid posteriorly in the temporal
region. The sutures of the palatine with the maxilla, orbitosphenoid, the alisphenoid and
pterygoid have been described above Three pairs of small foramina, the palatine
foramina, lie in an oblique line along the maxillary-palatine suture The posterior pair is
situated at the level of the posterior edge of M1 and the anterior one at the level of the
middle of M1. The palatine is not presaved in either P. lonanensis or S. sinensis.
Presphenoid (Fig. 10)
The slender presphenoid is exposed at the ventral surface of the skull. It is covered
by the surrounding alisphenoid bone The suture between the presphenoid and
alisphenoid is coarsely interdigitated. The presphenoid-basisphenoid suture is short and
curves slightly posteriorly and is situated at the level of tip of the lateral branch of the
pterygoid. The presphenoid is not preserved in either P. lonanensis or S. sinensis.
Basisphenoid (Fig. 10)
The small basisphenoid contacts the presphenoid anteriorly, the basioccipital
posteriorly, and the alisphenoid laterally. The basisphenoid-presphenoid suture is
described at the presphenoid section. The basisphenoid-basioccipital suture is short and
situated at the level of the anterior edge of the petrosal. The ventral surface of the
basisphenoid is smooth and flat, with a small convex area just anterior to the
basisphenoid-presphenoid suture. The basisphenoid is not well preserved in either P.
lonanensis or S. sinensis.
Occipital
The occipitals can be seen in the specimens IVPP V-5792 and 5793. The
basioccipital is a large rectangular element in the basicranial region. It has a deep,
longitudinal, medial concave area. It contacts the basisphenoid anteriorly, the petrosal
laterally, and the rest of the occipital posteriorly. The basioccipital-basisphenoid suture is
described in the basisphenoid section. The basioccipital-petrosal suture is a coarsely
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interdigitated, straight line along the medial border of the petrosal. Posterior to the
basioccipital is the ventral lobe of the occipital condyle. The occipital condyle is
transverse, slender, slightly convex, and separated from the opposite by a wide gap. A
small circular foramen, the hypoglossal foramen, is situated anterior to the anterior edge
of the occipital condyle. The anterior border of the occipital condyle lacks a sharp crest.
Anterolateral to the hypoglossal foramen is the jugular foramen, which is veiy large and
situated just at the basioccipital-petrosal suture. The paroccipital process is large,
elongate, and separated from the condyle by a wide gap. In occipital view the occipital is
somewhat trapezoidal, narrower dorsally, and wider ventrally. The occipital projects
posteriorly beyond the lambdoid crest. The occipital surface is convex above the
magnum foramen and concave on both sides. The suture between the supraoccipital and
the exoccipital is unclear. The exoccipital contacts the mastoid process in a sharp,
straight crest, which defines the posterolateral border of the skull. The occipitals are not
preserved in S. sinensis and P. lonanensis.
Auditory Region (Fig. 10)
The auditory region can be clearly seen in the specimen IVPP V-5791 and 5792.
There is no tympanic bulla preserved in these specimens at hand. It is assumed that either
the tympanic bulla loosely contacts the petrosal, or that the tympanic bone is a free ring.
The petrosal is the major element comprising the auditory region and situated at the
posterior extremity of the skull. The petrosal contacts the alisphenoid anteriorly and the
squamosal laterally. The sutures of the petrosal with the alisphenoid and the squamosal
are described in the above sections. In ventral view the promontorium is a dominant
element. It is large and almond shaped. Its ventral surface is slightly convex and
smooth, but with several important features. A large foramen, the fenestra cochleae, is
situated at the posterior end of the promontorium. It is oval, with a short, narrow groove
at its medial rim. This groove is identified here as the stapedial groove. There is a very
shallow groove on the anterior wall of the fenestra cochleae, which is probably the
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continuation of the stapedial groove. Lateral to and larger than the fenestra cochleae is the
circular shaped fenestra vestibuli, which faces posterolaterally. Lateral to the fenestra
vestibuli is a distinctive groove for the stapedial artery. The continuation of this groove is
a canal, covered by thin bone, with a posterior opening at the point lateral to the anterior
tip of the fenestra vestibuli and an anterior opening connecting with the piriform fenestra.
At the posterior end of the stapedial groove and posterolateral to the fenestra vestibuli is a
large, deep fossa, the stapedial fossa for the stapedial muscle. There is a distinct shallow
groove extending from the medial posterior comer of the promontorium near the groove
connecting with the fenestra cochleae. It crosses the middle of the promontorium
longitudinally toward the anterior edge of the promontorium. This groove is very clear
near the fenestra cochleae, but obscured after some distance in the middle of the
promontorium. The groove is probably the passage for the promontorium artery. A
distinctive round scar at the medial posterior comer of the promontorium is probably the
connection with the tympanic bulla. Anterolateral to the promontorium is a shallow fossa
for the muscle tensor tympani. A very large, triangular piriform fenestra is situated at the
anterior wall of the petrosal. Posterolateral to the stapedial groove is a large round
foramen, the exit for the facial nerve. A deep groove, the facial canal, extends from this
foramen toward the stylomastoid foramen. The stylomastoid foramen is situated at the
ventral tip of the suture between the squamosal and the mastoid. At the posteromedial
comer of the promontorium and posterior to the fenestra cochleae is a very large, circular
foramen, the jugular foramen. This foramen is situated just at the suture between the
petrosal and the basioccipital. In the intracranial view, several distinctive features can be
seen on the petrosal surface. The most prominent features are two circular foramina, a
large subarcuate fossa on the dorsal side and another shallow depression on the ventral.
Two small foramina are situated at the shallow depression, the internal acoustic meatus
slightly anteroventrally and the facial foramen, slightly posterodorsally. There is a long,
narrow groove along the posterior edge of the promontorium. A small foramen is
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situated on this groove, just opposite the fenestra cochleae. The small mastoid process is
exposed on the occipital and ventral side. The mastoid process is narrow and triangular
in occipital view and irregular in ventral view. It contacts the squamosal laterally and the
occipital medially. The petrosal is not preserved in S. sinensis, but is preserved in P.
lonanensis. The petrosal of H. youngi is similar to that of P. lonanensis in being flat and
almond shaped and in having a piriform fenestra and no bulla. It differs from the latter in
having a distinct groove for the promontorium artery, and a small groove on the
intracranial surface of the promontorium, and in having no descending medial wing.
Discussion
Hsiangolestes youngi was first described by Zheng and Huang in 1984 and was
assigned to the subfamily Wyolestinae of the family Didymoconidae based on the
specimen IVPP V-7353, an anterior portion of skull containing most of the upper teeth.
The didymoconids were originally considered an Asian endemic mammalian group. Its
systematic position and relationships have long been uncertain. Gingerich (1981)
described a new species, Wyolestes apheles, from the early Eocene of northwestern
Wyoming, which was the first record of didymoconids outside of the Asian continent.
He created a subfamily Wyolestinae for this species, the type species of the new genus
Wyolestes. He grouped the new subfamily with an emended subfamily Didymoconinae
within the family Didymoconidae, proposed a didymoconid-mesonychid relationship,
and suggested that the didymoconids are derived from an Asian Paleocene mesonychid,
Yantanglestes conexus. Recently Meng et al. (1994a) argued that the arguments
presumably supporting a didymoconid-mesonychid relationship are not convincing and
that no unique derived feature has been found to suggest the monophyly of
didymoconids, if Wyolestes is included. They considered that the systematic position of
Wyolestes remains undetermined. The systematic position of Wyolestes is beyond the
scope of this papa1. However, I agreed, even in 1990, with Meng (pers. comm.) that
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Wyolestes should not be assigned to the Didymoconidae based on its differences in dental
formula and moiphology from the didymoconids.
Hsiangolestes youngi was assigned to the family Didymoconidae by Zheng and
Huang (1984) based mainly on dental characters: canine moderate in size, P3 and P4
somewhat molarized, upper molars transversely wide and anteroposteriorly short, with
development of conules and styles. The authors especially emphasized the similarity of
H. youngi and W. apheles in having three molars and in development of the styles. They
grouped H. youngi with Wyolestes in the subfamily Wyolestinae.
The loss of the third molar is considered a derived feature for the family
Didymoconidae in this paper. Therefore, H. youngi is excluded from the family
Didymoconidae. Likewise, the dentition of H. youngi differs from that of the
didymoconids in having more sharp pointed cusps, a large hypocone and hypocone shelf
in the upper molars, and a more developed hypoconulid on the third lower molars. The
cranial features of H. youngi are also very different from those of the didymoconids.
Compared with IHunanictis sp. (Meng et al., 1994a), an early Eocene species known
from a complete skull, the difference in skull shape between the two species is obvious.
The skull of H. youngi is elongate and rectangular, which is common in many primitive
mammals, however, 1H. sp. has a triangular skull, with a broadly enlarged posterior
portion. In the basicranial region 1H. sp. is characterized by a large, round bony
tympanic bullae, however, the tympanic bullae are not preserved in any of the available
specimens of H. youngi. On the ventral surface of the promontorium of H. youngi are
two distinctive grooves, one for the internal carotid artery and the other for the stapedial
artery. 1H. sp. has a distinct bony tube for the stapedial artery. The mastoid process is a
small element in the posterior portion of the skull of H. youngi and a much enlarged
feature in 1H. sp. There is a large triangular piriform fenestra medial to the anterior wall
of the petrosal of H. youngi; on the other hand, 1H. sp. has a large triangular foramen
epitympanic sinus lateral to the anterior wall of the petrosal.
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The dentition of H. youngi indicates that it is a "palaeoryctoid" insectivore. The
Asian Paleogene palaeoryctoid insectivores consist of a few previously known genera,
including Sarcodon represented by the type species, late Paleocene S. pygmaeus
(Matthew, 1925a; Van Valen, 1966,1967; Szalay and McKenna, 1971); Hyracolestes
represented by the type species, late Paleocene H. ermineus (Matthrew, 1925a); Naranius
represented by the type species, early Eocene N. infrequens (Russell and Dashzeveg,
1985); Tsaganius represented by the type species, early Eocene T. ambiguus (Russell and
Dashzeveg, 1985); Bogdia represented by the type species, B. orientaiis (Dashzeveg and
Russell, 1985) from southern Mongolia; and Prosarcodon represented by the type species
early-middle Paleocene P. lonanensis (McKenna, et al., 1984); and Sinosinopa
represented by the type species middle Eocene S. sinensis (Qi, 1987) from northern
China. The Asian early Paleogene paleoryctoid insectivores can be divided into two
major groups based on dental formula. The group with three molars includes Naranius,
Tsaganius, Bogdia, and Sinosinopa. The others which have lost the third molar include
Prosarcodon, Sarcodon, and Hyracolestes.
Among the known Asian Paleogene palaeoryctoid insectivores, H. youngi is most
similar to S. sinensis in dental moiphology. They have the same dental formulae, with
three molars, and have a strongly enlarged hypocone shelf on the M 1 and M2 and an
elongate talonid composed of a well developed hypoconulid on the m3. However, H.
youngi differs from S. sinensis in many aspects. H. youngi is smaller than S. sinensis.
The premolars, especially P3 and P4. of H. youngi are much less molarized than those of
S. sinensis. The shape and morphology of P4 of H. youngi is similar to that of P3 of
S. sinensis. The conules, hypocones, hypocone shelves, and metastyles of upper molars
of H. youngi are smaller or less developed than those of S. sinensis, thus indicating that
H, youngi represents a much more primitive type.
Ting and Li (1987) mention the similarity of H. youngi and B. orientaiis in the outline
and basic cusp arrangement of M 1. However, H. youngi differs from B. orientaiis in
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being smaller and in having much less molarized P4, less developed conules, hypocone
and hypocone shelf, metastyle, and anterior cingulum. In these aspects B. orientaiis is
similar to S. sinensis. Determination of whether the two belong to the same genus
depends on examination of more well preserved materials.
Russell and Dashzeveg (1985) described several new genera of early Eocene
insectivores, mainly based on fragmentary jaws with a few teeth. Two new genera and
species, Naranius infrequens and Tsaganius ambiguus, were assigned to the
Palaeoryctidae. H. youngi is largo- than both N. infrequens and T. ambiguus. H.
youngi differs from N. infrequens in having largo conules, more developed hypocone
and hypocone shelf, less developed metastyle, and straight external edge on the uppo
molars, and in having a largo p3 with more developed anterior cusp and p4 with more
developed anterior cusp. H. youngi differs from T. ambiguus in having a much less
molarized p4.
Possession of three molars by H. youngi effectively distinguishes that species from
Prosarcodon, Sarcodon, and Hyracolestes. The p4 of Prosarcodon, Sarcodon, and
Hyracolestes has a large metaconid in a well developed trigonid; howevo, the p4 of H.
youngi possesses a high protoconid and a small anterior cusp, with no trace of the
metaconid in the trigonid. Prosarcodon lonanensis is the only one among these species in
which a partial skull is preserved. The basicranial region of H. youngi is similar to that
of P. lonanensis in having the glenoid fossa facing forward, large foramen ovale, a
piriform fenestra, no bulla, and large postglenoid foramen. It differs from the latter in
having a distinctive promontorium groove on the ventral surface of the promontorium and
a stapedial groove at the posterior edge of the promontorium.
Hsiangolestes youngi is much larger than Naranius infrequens and Tsaganius
ambiguus and similar to, but slightly smaller, than Sinosinopa sinensis. The similarities
of the dental formula and basic morphology of dentition between H. youngi and S,
sinensis indicate that H. youngi is more closely related to S. sinensis than any other
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species among palaeoryctoid insectivores. However, the less molarized premolar of H.
youngi indicates that it represents a more primitive type than S. sinensis.
Family ?Palaeoryctidae (Winge, 1917) Simpson, 1931
Genus Naranius Russell and Dashzeveg, 1985
Species cf. Naranius infrequens
Material: A skull and mandible with a complete dentition (IVPP V-7439; Field number,
82024).
Dentition
(Plate 2. a, b, c)
Dental'formula. 3.1.4.3/3.1.4.3.
Incisors
Only one upper and one lower incisor can be seen in the specimen IVPP V-7349.
These closely spaced upper and lower incisors per quadrant are situated at the anterior
extremity o f the snout. Based on the roots o f the teeth, the second upper incisor is the
largest am ong the three, and the third is the smallest.

P is a small, single-rooted tooth,

much smaller than P. The only cusp o f I3 is bluntly conical in shape. i2 is slightly larger
than i3. i3 is small, single-rooted, and shovel shaped.

The incisors are not presoved in the type species N. infrequens. The lower incisors
of cf. N. infrequens are similar to those of Prosarcodon lonanensis in being small,
single-rooted, and closely situated in the anterior extremity .of the mandible. The shape of
the lower incisors of cf. N. infrequens is shovel-like, unlike those of Hsiangolestes
youngi, which are spatulate.
Canine
Both upper and lower canines are well preserved in the specimen IVPP V-7439. The
upper canine is about 1 mm behind I3. When teeth are in occlusion, the lower canine
occupies this interval. The canine is much largo- than the incisors and the first three
premolars. It is single-rooted, with a single, sharp cusp transversely compressed, and
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Plate 2. cf. Naranius infrequens, cf. Tsagamys subitus,
and "Propachynolophus" hengyangensis

a. ventral view of skull, b. lateral view of lower jaw, c. occlusal view of lower dentition
of IVPP V-7439, cf. Naranius infrequens
d. ventral view of skull, e. occlusal view of lower dentition of IVPP V-7451,
cf. Tsagamys subitus
f. occlusal view of m3 of IVPP V-7453,"Propachynolophus" hengyangensis
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triangular in lateral view. Both anterior and posterior edges of the upper canine slightly
curve anteriorly. The posterior edge is crested and extends from the tip of the canine to
the base. The tip of the canine is slightly directed posteriorly. The lower canine is close
behind the i3 and much smaller than the upper canine. It is a single-rooted, unicusped
tooth, transversely compressed, and somewhat triangular in lateral view. The tip of the
cusp is not sharp as is the upper canine.
The canine of N. infrequens is not preserved. The upper canine of cf. N. infrequens
is similar to that of Sinosinopa sinensis and H. youngi in being large, but it differs from
the latter in being not as sharp as the latter. The lower canine of cf. N. infrequens differs
from that of P. lonanensis and H. youngi in being small and not as sharp as the latter.
Premolars
Both upper and Iowa-premolars are well preserved in the specimen IVPP V-7439.
P 1 is a small, two-rooted, single-cusped, and somewhat piercing tooth. It is situated
about 1 mm posterior to the canine. The anterior edge of the tooth is almost straight and
the tip of the tooth tilts posteriorly. The posterior edge of the tooth is crested, extending
obliquely from the tip to the base of the tooth, pi is small and single-rooted, but it is
larger than the p2 and p3 and transversely compressed. The tooth bears a major large,
piercing cusp and a very small posterior cusp.
The P 1 is not preserved in the species N. infrequens. The pi of cf. N. infrequens is
similar to that of N. infrequens in being relatively large (largo- than p2 and p3) and
single-rooted. It is similar to that of Tsaganius ambiguus in being single-rooted, but
differs from the latto in being largo than p2 . The P 1 of cf. N. infrequens is similar to
those of H. youngi, S. sinensis, and P. lonanensis in having only one major transvosely
compressed piocing cusp. However, the pi of cf. N. infrequens is voy different from
those of P. lonanensis and H. youngi in being largo than p2 and p 3 , and in having a
distinct small cusp behind the major large cusp.
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P2 is a small, two-rooted, single-cusped, and somewhat piercing tooth. It is similar
to P 1 in size. The anterior edge of P2 is almost straight and the posterior edge is crested,
extending from the tip of the major cusp to the base. There is a faint heel at the end of the
posterior crest near the base of the tooth. p 2 is small, two-rooted, and somewhat
piercing. It is about 1 mm posterior to the pi and about half the size of p i. The tooth
bears a major large cusp and a faint heel with a small cusp. Its anterior edge curves
slightly lingually and the posterior edge is crested, extending from the tip of the tooth to
the base. At the posterior aid of the crest there is a faint heel with a small cusp.
The P2 of N. infrequens and T. ambiguus is not preserved. The P2 of cf. N.
infrequens is similar to that of P. lonanensis in having a posterior crest on the tooth and a
faint heel at the end of the posterior crest; however, it differs from the latter in being
about same size as P1. The P2 of cf. N. infrequens is similar to those of H. youngi and
S. sinensis in basic morphology, but differs from those of the latter in being about the
same size as P1, instead of being much larger than P1. The p2 of cf. N. infrequens is
similar to that of N. infrequens, being much smaller than the pi and being two-rooted,
having a major large cusp and a faint heel bearing a small cusp. It differs from that of T.
ambiguus in being much smaller than the p i, instead of the same size as pi in the latter,
and in being about same size as p 3 , instead of much smaller than p 3 . The p2 of cf. N.
infrequens differs from those of P. lonanensis and H. youngi in being much smaller than
the pi, instead of larger than pi in the latter, and in having no small anterior cusp.
P3 is the smallest tooth among the premolars, slightly smaller than P 1 and P2 and
considerably smaller than P4. It is a double-rooted, unicuspid tooth and situated about
0.5 mm behind the P2. Its anterior edge is smooth and slightly curves anteriorly with the
tip of the tooth directed posteriorly. The posterior edge has a labial crest, extending from
the tip of the tooth to its base. The tooth bears a major large cusp and a moderate heel
posterior to the major cusp. p3 is about same as p2 in size and considerably smaller than
p4. It is similar to p2 in morphology.
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The P3 of N. infrequens and T. ambiguus is not preserved. The P3 of cf. N.
infrequens differs from those of P. lonanensis and S. sinensis in being unmolarized,
instead of submolarized. It differs from that of H. youngi in having no trace of
protocone and a less developed heel. The p 3 of cf. N. infrequens is similar to that of N.
infrequens in morphology, but differs slightly in having a slightly smaller posterior cusp
behind the major large cusp. The p3 of cf. N. infrequens differs from that of T.
ambiguus in being considerably smaller than p4, instead of about the same size as p4. It
differs from those of P. lonanensis and H. youngi in having less development of the
posterior cusp and no anterior cusp.
P4 is the largest tooth of the upper premolars, and has a very different morphology
from the others. It is large, about the same size as M1, triangular in occlusal view, and it
possesses all major cusps. The paracone is sharp and towers above all other cusps. The
protocone is a large, sharp cusp, but shorter than the paracone and situated just opposite
the paracone. The parastyle and the metastyle are very large and extend anterolabially and
posterolabially, respectively. A weak cingulum runs from the protocone to the metastyle.
There is a well developed anterior cingulum anterior to the protocone. p4 is the largest
tooth among the lower premolars, and is transversely compressed. The trigonid bears a
tall, piercing protoconid and a low, forward-projecting paraconid. There is no
metaconid. A posterior crest extends labially from the tip of the protoconid and the base
of the cusp. The talonid is not basined. A short crest bounds the anterolabial edge of the
talonid.
The P4 of N. infrequens and T. ambiguus is not preserved. The P4 of cf. N.
infrequens differs from that of P. lonanensis in having more development of the parastyle
and the metastyle. It differs from that of H. youngi and S. sinensis in having a more
developed parastyle and metastyle and in having no crest connecting the protocone and
paracone. The p4 of cf. N, infrequens is similar to that of N. infrequens in basic
morphology and in being much larger than the other premolars. It differs from that of T,
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ambiguus in having less development of the paraconid and no metaconid. The p4 of cf.
N. infrequens differs from that of P. lonanensis in being much less molarized. It differs
from that of H. youngi in having a much reduced paraconid and talonid.
Molars
Both upper and lower molars are well preserved in the specimen IVPP V-7439.
M1 is slightly largo* than P4 and closely posterior to it. It is transversely elongated
and nearly rectangular. The paracone and the metacone are moderately high and close
together. The paracone is slightly taller than the metacone. The protocone is conical and
about the same size as the paracone. Two weak crests extend from the protocone to the
paracone anteriorly and the metacone posteriorly; there are no conules on these crests.
The hypocone is small and situated at the root of the protocone. The parastyle and the
metastyle are well developed, forming a wing. There is a deep notch at the labial edge of
the tooth between the paracone and the metacone, mi is slightly largo* than p4 and
anteroposteriorly elongated. Three major cusps of the trigonid are well developed. The
protoconid and the metaconid are about equal in size, and the paraconid is much smaller,
situated lower and anterior to the protoconid. The talonid is basined and has a well
developed hypoconid. The entoconid and the hypoconulid are smaller than the
hypoconid.
TheM 1 of cf. N. infrequens is similar to that of N. infrequens in basic morphology,
but differs from the latter in being relatively larger compared with M2>and in having
slightly more developed parastyle and metastyle and smaller hypocone. It differs from
that of H. youngi and S. sinensis in having a straighter labial tooth edge, ho conules, less
developed hypocone, and no hypocone shelf, and in having a more developed parastyle
and metastyle. The M 1 of T. ambiguus is not preserved. P. lonanensis has only two
molars, while cf. N. infrequens has three. The mi of cf. N. infrequens is similar to that
of N. infrequens in basic morphology, and differs from the latter in having a smaller
hypoconulid. It is also similar to that of T. ambiguus in the basic cusp arrangement, the
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latter, however, is less sharp. The ml of cf. N. infrequens differs from that of H.
youngi in having a less developed paraconid and hypoconulid.
M2 is about same size as M 1 and is transversely elongated. It is similar to M 1 in basic
morphology; however, M2 has a more developed hypocone and posterior cingulum.
There is an enlargement in the middle of the posterior crest, indicating the development of
the metaconule. Theprotoconuleisnotsoclearasthemetaconule. The parastyle and the
metastyle wings of M2 are less well developed, m2 is about the same size and
morphology as mi. However, the trigonid of m2 is more compressed anteroposteriorly
and the talonid is longer. The paraconid, the hypoconulid, and the entoconid are better
developed than in mi.
TheM 2 of cf. N. infrequens is similar to that of N. infrequens in basic morphology.
It differs from those of H. youngi and S. sinensis in having less developed conules,
hypocone and hypocone shelf, and a straighter labial tooth edge. The M2 of T. ambiguus
is not preserved. The m2 of cf. N. infrequens is similar to that of N. infrequens in basic
morphology, but differs from the latter in having a smaller entoconid. It differs from that
of T. ambiguus in having blunter cusps. The m2 of cf. N. infrequens differs from those
of H. youngi and S. sinensis in having a more anteroposteriorly compressed trigonid and
less developed paraconid, hypoconulid, and entoconid.
M3 is smaller than M 1 and M2, and is especially shorter anteroposteriorly. The
paracone is a major cusp and is taller than the protocone. The parastyle is well developed
and extends anterolabially. The metacone is very reduced and the metastyle is not
developed. A weak anterior cingulum lies anterior to the protocone. There is no posterior
cingulum and hypocone, nor are there conules. m3 is longer than mi and m2 because of
the greater development of the hypoconulid in the talonid. The morphology of m3 is
similar to that of m2 . However, the hypoconulid of m3 is much more developed than in
m2 .
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TheM 3 of N. infrequens and T. ambiguus is not preserved The M3 of cf. N.
infrequens differs from those of H. youngi and S. sinensis in having less developed
conules, no posterior cingulum, and a more reduced metacone. The m3 of cf. N.
infrequens is similar to that of N. infrequens in morphology, but it differs in having a
smaller entoconid. It differs from that of T. ambiguus in having blunter cusps. The m3
of cf. N. infrequens differs from those of H. youngi and S. sinensis in having a smaller
entoconid and shorter talonid.
Skull
(Plate 2. a, b, c)
The skull of cf. At infrequens has not been fully prepared The following is a brief
description of the skull based on the specimen IVPP V-7439.
The nasal is a very long, narrow, and slender bone. The preserved part of anterior
extremity of the nasal is flat, situated posterior to the point of the contact with the anterior
edge of the premaxilla. The posterior edge of the nasal extends to the level of the middle
of the upper rim of the orbit and above the anterior edge of M3. The posterior border is
"V"-shaped with the apex directed posteriorly. The nasal in dorsal view is about the
same width from the front to the back. The nasal-premaxillary suture and the nasalmaxillary suture are a continuous straight line. The nasal-frontal suture is a short, "W"shaped line with the "W" apexes directed posteriorly.
The premaxilla is small, and trapezoidal in lateral view. It cannot be seen clearly in
palatine view because of poor preservation. The premaxillaiy-nasal suture has been
described in the nasal section. The premaxillary-maxillaiy suture is a short, coarsely
interdigitated line, extending from the point above the anterior edge of the canine to the
middle of the interval between the third incisor and canine.
The maxilla is a large element occupying about half of the facial region. It is roughly
triangular in dorsolateral view. The maxillary-frontal suture is short and "V"-shaped,
with the apex of the "V" directed anteriorly in dorsal view. The maxillary-lacrimal suture
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is well defined at the anterior edge of the orbit. The short infraorbital canal is large and
circular in cross section. The anterior opening of the canal is situated above the point
between the P3 and the P4* and the posterior opening is above the posterior edge of the
P4. The zygomatic process of the maxilla in the right side of the skull is defined
posteriorly by a suture between the zygomatic process and the jugal; however, this suture
on the left side of the skull is obscure. The zygomatic process of the maxilla is wider
dorsoventrally, tapering near the suture between the zygomatic process and the jugal.
The suture between the zygomatic process and the jugal is coarsely interdigitated and
straight, extending obliquely from the anterior to the posterior. The sutures between the
maxilla, the lacrimal, and the frontal in the orbit are obscure, so that the orbital process of
the maxilla cannot be well defined. A coarsely interdigitated, zigzag line, continuing
from the dorsolateral end of the maxillary-frontal suture, running about 1mm lower to
and along the dorsal edge of the orbit and turning down to the bottom of the medial wall
of the orbit at around the posterior edge of the orbit, is suggested here as a suture
between the maxilla and the frontal in the orbital region. If so, the orbital process of the
maxilla is a large element composed of the medial wall of the orbit, occupying half of the
wall's area.
The lacrimal has no facial process and its anterior edge is defined within the orbit.
The lacrimal on the left side of the skull is not well defined by surrounding sutures and it
is not well preserved in the right side in the orbit. Based on the preserved portion, the
lacrimal is of moderate size, roughly square. There is no lacrimal tubercle.
The jugal is a moderate, slender bone. The sutures between the zygomatic process of
the squamosal and the jugal on both right and left side of the zygomatic arch are distinct.
The suture between the zygomatic process of the maxilla and the jugal is distinct on the
right side of the zygomatic arch and obscure on the left side. The existence of the jugal is
mainly determined based on the right side of the zygomatic arch. Anteriorly it contacts
the zygomatic process of the maxilla in a diagonal suture, which runs from the
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anterodorsal rim above M 1 to the ventral edge of the middle of the zygomatic arch.
Dorsally the jugal overlaps the zygomatic process of the maxilla. Posteriorly the jugal
contacts the zygomatic process of the squamosal in a diagonal suture, which runs
obliquely from the dorsal edge of the middle of the zygomatic arch to its ventral edge,
some distance anterior to the glenoid fossa. The jugal ventrally overlaps the zygomatic
process of the squamosal.
Most of the frontal in the roof of the skull is not preserved. In dorsal view, the
frontal is somewhat rectangular, with a strong contraction at the middle of the bone. It
contacts the nasal anteriorly in a coarsely interdigitated "W"-shaped suture, and with the
parietal posteriorly. The frontal has a large orbital process. In the orbital region, it
extends to the bottom of the medial wall and is somewhat triangular in shape. Anteriorly
it contacts the maxilla. The frontal-maxillary suture is described in the maxilla section.
Posteriorly it contacts with the orbito-alisphenoid. The suture between the frontal and
orbito-alisphenoid cannot be seen clearly because of poor preservation.
The parietal is a large element in the skull roof, occupying about a third of the roof
area. It is elongate and roughly rectangular. Anteriorly it contacts the frontal; however,
the suture between the frontal and the parietal can not be seen clearly because of poor
preservation. The parietal is slightly convex dorsally and laterally and extends along the
lateral flank of the posterior part of the skull. On the right side where the partial suture
can be seen, it is coarsely interdigitated, straight, and runs parallel to the longitudinal axis
of the skull from the anterior edge of the medial wall of the temporal fossa to the posterior
end of the skull.
The squamosal is a large dement in the temporal region and extends somewhat down
toward the temporal fossa. The sutures between the orbitosphenoid and alisphenoid
bones in the temporal region are not seen clearly because of poor preservation. The
zygomatic process of the squamosal is slender and elongate and meets the jugal at a
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diagonal suture. The glenoid fossa is rectangular and elongated anteroposteriorly. The
postglenoid process is weak and not well preserved.
Orbitosphenoid and alisphenoid are not well defined on the medial wall of the
temporal fossa.
The auditory region can partially be seen from the right side of the skull. The
alisphenoid extends anteriorly down to the middle ear cavity and serves as a portion of
the anterior wall, occupying the position usually occupied by the piriform fenestra. The
promontorium is distinct, large, and almond shaped. Its ventral surface is convex. The
mastoid process is small, situated posterior to the promontorium and separated from the
latter by a groove.
Discussion
The type species of the genus Naranius, N. infrequens, was described by Russell and
Dashzeveg (1985), based on fragmentary maxillae and lower jaws. Size of P2-3 is a
diagnostic feature for this genus, in that both upper and lower P2 and P3 are smaller than
PI and are considerably smaller than P4. These features are considered derived
characters for the genus Naranius in this paper, cf. N. infrequens shared this derived
feature - having P2 and P3 smaller than PI and considerably smaller than P4 - with the
type species, which is the reason to assign this species to the genus Naranius.
cf. N. infrequens is slightly smaller than N. infrequens. Its dental morphology is
very similar to that of the latter; however, it differs in having a relatively larger M1, with
more developed parastyle and metastyle and smaller hypocone, and in having p2 and p3
with a relatively smaller posterior cusp. cf. N. infrequens may represent a new species.
Since the materials of the type species are too fragmentary to be compared in detail, I
temporarily assign cf. N. infrequens to the same species.
Insectivora gen. et sp. nov.
The specimen IVPP V-7440 (Field number, 82023) is an anterior part of the skull
with lower jaw that has not been well prepared. Based on the lateral view where the
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number of the teeth can be seen, its dental formula differs from those of all known
species. It probably represents a new species or genus and will be studied in future
research.
?Insectivora gen. et sp. uncertain
The specimen IVPP V-7441 is an anterior part of the skull with four right and two left
fragmentary teeth. The first three teeth are two-rooted with simple cusps and are
premolars. They are strongly compressed transversely. Only lingual parts of both the
left and right fourth teeth are preserved. The fourth tooth is triangular and probably is the
first molar. The protocone of M 1 is conical and low. Two crests extend from the
protocone toward the labial edge of the tooth. The protoconule and the metaconule are
situated on the crests. There is definitely another tooth behind the M1. based on the
alveoli. The portion of the maxilla posterior to the alveolus is broken, so that the number
of the tooth can not be determined. The shape and the conules of M 1 are similar to that of
Wyolestes apheles from the early Eocene Wasatchian, North America. The specimen
IVPP V-7442 is an anterior part of skull with fragmentary teeth.
Order ?Simplicidentata Tullberg, 1899
Family Eurymylidae Matthew, Granger and Simpson, 1929
Genus Matutmia Li, Chiu, Yan, and Hsieh, 1979
Species Matutinia nitidulus Li, Chiu, Yan, and Hsieh, 1979
This species, represented by the type specimen IVPP V-5354, an anterior portion of
the skull and six referred specimens, was first reported by Li et al. (1979), with a very
brief diagnosis. No detailed description, comparison, and discussion have been
published so far. The restudy of this species, especially the skull morphology, is a major
portion of this section. Tbe specimens described in this paper include: IVPP V-7443, a
skull with a left mandible; IVPP V-7444, a broken skull with a right mandible and partial
postcranial skeleton, including a partial right scapula and humerus, a right pelvis, a partial
left femur, tibia, and fibula; IVPP V-7445, a skull with right posterior portion damaged;
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IVPP V-7446, a skull with mandible; IVPP V-7447, a skull; IVPP V-7448, a skull;
IVPP-7449, a skull of a juvenile; IVPP V-7450, a complete skull that has been
processed into serial sections. (Field number, 82023, 82024; 76003 for IVPP V-7449)
Dentition
(Plate 3)
Dental Formula: 1.0.2.3/1.0.2.3. The lingual sides of the right and left upper tooth
row form almost parallel straight lines. The labial side of the tooth row is convex labially
at the middle of the tooth row.
Incisors
The incisors are well preserved in specimens IVPP V-7443 and 7446. The upper
incisors grow from the anterior extremity of the snout and bend vertically downward.
The thick enamel of the upper incisors covers the anterior surface of the teeth, and
extends slightly laterally. In specimen IVPP V-7443, the two incisors are unevenly
worn, the right having a large, elongate, worn surface at the lingual side of the tooth,
with the left being unworn. The thick enamel of the lower incisors covers the front
surface, and extends laterally more than that of the upper incisors.
Premolars
The upper premolars are well preserved in specimen IVPP V-7443.
DP4 is preserved on the left side of the maxilla. It is a small, rectangular, three-rooted
tooth. The protocone is a large cusp on the lingual side of the occlusal surface. Two
crests, the anterior one stronger, extend labially from the protocone to form a narrow
"V"-shaped trigon. No hypocone is present; instead, a marked hypocone shelf, exits
posterior to the protocone. There is a shallow groove on the lingual side of the tooth wall
between the trigon and this hypocone shelf. The enamel on the tooth wall is thick, but
thin on the occlusal surface.
P3 is a small, non-molarized, rectangular, three-rooted tooth. A large paracone is
located on the anterolabial comer of the crown. Opposite to this cusp is the smaller

Plate 3. Matutinia nitidulus
a. dorsal, b. ventral, d. lateral view of skull of IVPP V-7443
. ventral, e. lateral view of posterior part of skull of IVPP V-7444
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protocone. A strong crest connects the paracone and protocone anteriorly. No "V"shaped trigon is formed. A very small cusp, probably the metacone, is posterolabial to
the paracone. No hypocone is present. Instead, a strong hypocone shelf extends
posteriorly from the protocone to the metacone, forming a deep basin at the posterior
edge of the crown. The enamel on the tooth wall is thick, but thin on the occlusal
surface. A shallow groove on the lingual side of the tooth wall lies between the
protocone and shelf. The lingual side of the tooth is higher than the labial side.
P4 is bigger than P3, three-rooted, and roughly rectangular. The dental morphology
of P4 is basically similar to that of P3. It differs in that the possible metacone of P4 is
more developed and the groove on the lingual side of tooth wall is deeper. Also, a very
weak, short crest appears at the bottom of trigon basin between the paracone and the
protocone.
The lower premolars are well preserved in the specimens IVPP V-7443 and 7444.
Both right and left P3 can be seen in the specimen IVPP V-7444.
P3 is a small, single-rooted, unmolarized tooth. A prominent, high, sharp pointed
cusp, the protoconid, is located at the anterior extremity of the crown. This cusp is
convex anteriorly and concave posteriorly. An oblique crest extends from the tip of the
protoconid to the lower part of the lingual side of the crown at the middle of the tooth.
There is no indication of a metaconid on this crest. A short, low cingulum exists at the
anterolingual side of the crown. There is a little enlargement at the anterolingual comer of
the cingulum, where the paraconid is usually positioned in other mammals. However, no
distinct paraconid is present. The talonid of the crown of P3 is about half the length of
the trigonid and much lower than the latter. Two small, weak cusps, the hypoconid and
the entoconid, are located on the labial and the lingual side of the talonid, respectively. A
ridge extends from the hypoconid toward the entoconid and closes the posterior part of
the crown, forming a deep basin. A weak, low oblique crest extends from the middle of
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the posterior wall of the tooth to the hypoconid. Thick enamel covers the entire crown of
the tooth.
P4 is a two-rooted, molarized tooth, much larger than p3 . The trigonid is higher,
wider, and longer than the talonid. The metaconid is opposite the protoconid, and is the
tallest cusp among the three cusps in the trigonid. The paraconid is very small and
anterior to the protoconid. A short cingulum extends from the paraconid to the labial side
of the tooth. The hypoconid and the entoconid are distinct, the former smaller than the
latter. An oblique crest extends from the middle of the posterior wall to the hypoconid.
There is an enlargement near the hypoconid on the ridge connecting hypoconid and
entoconid; however, no distinct hypoconulid is present. Thick enamel covers the entire
crown of the tooth.
The premolar morphology of Matutinia nitidulus is diagnostic within the family. P3
of M. nitidulus is intermediate in morphology between Heomys orientalis, the oldest
known late Paleocene species, and Rhombomylus turpanensis and R. sp., the late early
Eocene or early middle Eocene species. P3 of M. nitidulus is three-rooted, as in R.
turpanensis and differs from H. orientalis, with P3 two-rooted. P3 of M. nitidulus shows
weak development of the metacone. A strong crest connects the protocone and paracone
anteriorly, which is similar to that of R. turpanensis. However, P3 of H. orientalis is
bicuspid, having a distinctive paracone labially and protocone lingually, with very weak
crests connecting them anteriorly. The hypocone shelf of P3 of Matutinia is longer and
wider than that of Heomys, but shorter and narrower than that of R. turpanensis. P4 of
M. nitidulus differs from that of H. orientalis in having the metacone relatively weak and
labially located, having no crest connecting the protocone and metacone, and having a
longer and wider talon basin. P4 of M. nitidulus differs from that of R. turpanensis in
having no crest connecting the protocone and metacone, and a shorter and narrower talon
basin. p3 of M. nitidulus is important in distinguishing M. nitidulus from other species.
P3 of H. orientalis is two-rooted, based on the remaining roots, but its crown structure is
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unknown because of damage. p3 of M. nitidulus differs from that of both H. orientalis
and R. turpanensis in having a single-root. It is also less molariform than that of R.
turpanensis, with no metaconid and paraconid on the trigonid and very weak
development of the hypoconulid and the entoconulid on the talonid. P4 of both M.
nitidulus and H. orientalis have the trigonid longer, higher, and wider than the talonid,
which differs from the situation in R. turpanensis, which has a much shorter trigonid.
The paraconid of P4 of M. nitidulus is distinct and bigger than that in H. orientalis. P4 of
M. nitidulus is less molariform than in R. turpanensis, with the trigonid longer than the
talonid, and with less development of the protolophid and the hypolophid. The
metaconid is separated from the protoconid by a deep notch, and the entoconid is an
isolated cusp on P4 of M. nitidulus.
Molars
The upper molars are well preserved in specimens IVPP V-7443 and 7445. They are
nearly square and diminish in size from M 1 to M3. Each molar has three roots. The
lingual side of the crown is slightly higher than the labial side when unworn. The
morphology of the three molars is basically the same, yet with slight differences. The
paracone and the metacone are distinctive, conical, and separated by a deep notch. The
paracone is bigger than the metacone, which can be seen most clearly in M3. The
protoloph and metaloph extend from the paracone and the metacone, respectively, to the
protocone, forming a narrow "V"-shaped trigon. The slight enlargements on the middle
of the protoloph and the metaloph are the weak protoconule and metaconule. The
hypocone can be seen in the unworn crown, separated from the hypocone shelf by a
shallow notch; it merges with the hypocone shelf in the worn crown. The shelf is
distinctive and extends from the hypocone posterolabially to the metacone and closes the
posterior edge of the crown, forming a basin shaped talon.
A broad hypocone shelf is the most noticeable character on the upper molars of
Heomys orientalis, Matutinia nitidulus, and Rhombomylus turpanensis and R. sp. The

63
degree of the development of the hypocone shelf varies in these species. The hypocone
shelf in M. nitidulus is longer and wider than that in H. orientalis and shorter and
narrower than that in R. turpanensis. The protoloph and the metaloph of M. nitidulus are
more developed than those of H. orientalis, but less than those of R. turpanensis,
indicating its intermediate position between these species.
The lower molars are well preserved in the specimens IVPP V-7443 and 7444. They
are rectangular and increase in size from mi to m3 . The morphology of the three molars
is basically the same. The trigonids are shorter than the talonids. The metaconid is
slightly higher than the protoconid. The paraconid is small and short, located anterior to
the metaconid. The conical hypoconid, hypoconulid, and entoconid are separated from
each other by the deep notches. The talonid basin is deep. An oblique crest extends from
the hypoconid to the middle of the posterior wall of the metalophid. The talonid of m3 is
longer than that of mi .2 because of a posterior extension of the hypoconulid. An
additional cusp lingual to the hypoconulid can be called an entoconulid.
The lower molars of M. nitidulus are similar to those of R. turpanensis. Their
trigonids are high and veiy compressed anteroposteriorly. The talonids are basin shaped,
with distinctive hypoconid, entoconid, and hypoconulid on unworn specimens. The
lower molars of M. nitidulus differ from those of H. orientalis in having the trigonid
more compressed.
Skull
(Plate 3)
The description and the comparison of the skull of Matutinia nitidulus are mainly
based on the specimens IVPP V-7443,7444, and 7445.
Nasal (Fig. 11,12)
The nasal is elongate, slightly wider at the anterior extremity of the snout, and even in
width in the remainder. In dorsal view, the length of the nasal is about one third of the
skull length. The anterior process of the nasal extends slightly beyond the upper incisor,
reaching the most anterior point of the entire skull. The flanks of both left and right tips
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Figure 11. Sketch of dorsal view of skull of Matutinia nitidulus
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of the anterior process slightly bend downward. The posterior process of the nasal tapers
posteriorly and the tip of the process reaches the level of the middle of the orbital rim.
The left and right posterior processes of the nasal meet in the nasal-nasal suture at a point
anterior to the tip of the posterior process, making the posterior edge of the nasal "V"shaped, with the apex of "V" anteriorly pointed. The nasal contacts the premaxilla
laterally and the frontal posteriorly.
The nasal in Heomys orientalis, Matutinia nitidulus, and Rhombomylus sp. is a large
bone in the facial region in dorsal view. It is about one third of the length of the skull in
M. nitidulus and R. sp. The shape of the nasal of M. nitidulus is also similar to that of
R. sp., with slight expansion at the anterior edge and almost even width for the rest part
of the nasal. However, the posterior process of the nasal of M. nitidulus extends further
posteriorly than that of R. sp. The nasal of H. orientalis has a contraction at the level of
the infraorbital foramen, which is not seen in either M. nitidulus or R. sp.
Premaxilla (Fig. 11,12,13)
The premaxilla is a large element with an extensive nasal process and a palatine
process. It bears an enlarged incisor at its anterior edge. The nasal process of the
premaxilla extends dorsally, contacting with the nasal and the frontal, and laterally with
the maxilla and the palatine process of the premaxilla, forming the lateral wall of the nasal
cavity. It occupies almost two-thirds of the lateral side of the facial region. The
premaxillaiy-maxillary suture is interdigitated and runs laterally from the middle of the
long diastema to a triple junction at the level of M2 with the premaxilla-frontal suture and
the maxillary-frontal suture. The nasal process of the premaxilla separates the nasal and
the maxilla so that there is no contact between the latter two bones. In palatal view the
premaxillary-maxillary suture runs perpendicular to the longitudinal axis of the skull,
passes by the middle of the incisive foramen, and runs along the posterior edge of the
incisive foramen to the other side. The palatal process of the premaxilla is smaller than
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the nasal process and forms the anterior part of the floor of the nasal cavity. The incisive
foramina occupy nearly half the area of the palatal process. They are elongate
anteroposteriorly and are nearly oval, with a tapering anterior tip located closely to the
suture between them.
As do most rodents, Heomys orientalis, Matutinia nitidulus, and Rhombomylus sp.
have a very large premaxilla. The premaxilla bears enlarged incisors and a paired large
incisive foramina. The anterior part of the nasal process of the premaxilla of Heomys has
a number of small foramina. These foramina are not present in M. nitidulus and R. sp.
Maxilla (Fig. 11,12, 13)
The maxilla is a large, rectangular bone. It contacts the premaxilla medially in dorsal
view, the frontal dorsally and laterally in the orbital region, the orbitosphenoid posteriorly
in the orbital region, and the palatine ventroposteriorly. In dorsal view the maxilla has a
short contact with the frontal. The maxillary-frontal suture is coarsely interdigitated. The
suture runs from the triple junction with thepremaxillary-frontal suture and the
premaxillary-maxillaiy suture laterally to the anterior rim of the orbit, where it is covered
by the lacrimal. The maxilla has broad contact with the frontal within the orbital region.
The maxillary-lacrimal suture is well defined at the anterior rim of the root of the
zygomatic process of the maxilla. The maxilla contacts the orbitosphenoid at the
posterior edge of the orbit, and the maxillary-orbitosphenoid suture runs posteriorly
along the medial wall of the orbit. Within the orbit, the maxilla makes up the ventral
portion of the medial wall. The large foramen situated at the junction of the
orbitosphenoid-palatine suture and the maxillary-orbitosphenoid suture is identified here
as the sphenopalatine foramen. The foramen lies dorsal to the M3. The zygomatic
process of the maxilla is short, and the posterior root of the process is situated at the level
between M 1 and M2.
The infraorbital canal is short, with a large, round opening. The anterior opening of
the canal is located just above the anterior edge of P3. The posterior opening is opposite
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to the posterior edge of P3. A small depression is located just in front of the anterior
opening of the infraorbital canal.
In palatine view, the maxilla contacts the premaxilla anteriorly and the palatine
posteriorly. The palatine process of the maxilla occupies about a third of the bony palate.
The premaxillaiy-maxillary suture transversely lies behind the posterior edge of the
incisive foramen. The maxillary-palatine suture runs from the posterior edge of the palate
following the interior edge of the tooth row to the level of the posterior part of P3 and
then turns medially. The suture arcs anteriorly, but cannot be traced clearly because of
the specimen's condition.
The maxilla of Heomys orientalis is large and occupies about half of the palate,
unlike the condition in Matutinia nitidulus. The maxillary-palatine suture of H. orientalis
is situated at the level between P4 and M1, however, this suture is between P3 and P4 in
M. nitidulus.
Lacrimal (Fig. 11,12)
The lacrimal is relatively large and rectangular. It is limited to the anteromedial comer
of the orbit and has no facial process. The lacrimal contacts the maxilla anteriorly and
ventrally, and the frontal posteriorly. The lacrimal-maxillary suture is described above.
The lacrimal-frontal suture is straight, running from the lateral aid of the frontalmaxillary suture down to the lower anterior comer of the orbit. The large, round lacrimal
foramen is located at the anterior edge of the lacrimal. The lacrimal of Matutinia nitidulus
is similar to that of Rhombomylus sp. in both size and shape. It is rectangular in M.
nitidulus, but round in Heomys orientalis.
Jugal
The jugal is a large and veiy prominent bone. Anteriorly it is strongly furcate, with
two major processes. The dorsal process is short and tapers upward. The ventral
process is bifurcate, the long portion tapering posteriorly and the short opposite to the
dorsal process and tapering downward. The body of the jugal is relatively wider
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dorsoventrally, with a ridge along the upper edge of the body. The posterior spine of the
jugal is not preserved in any of the specimens at hand, so that the connection between the
jugal and squamosal is unknown. The jugal of Matutinia nitidulus is similar to that of
Rhombomylus sp. in both size and shape.
Frontal (Fig. 11,12)
The frontal is a large element in the orbital region, occupying about half of the area of
the medial wall of the orbit, and a small portion in the skull roof. The dorsal surface of
the frontal is flat and butterfly shaped. The frontal contacts the nasal, the premaxilla, and
the maxilla anteriorly. The nasal-frontal suture, and the premaxillary-frontal and the
frontal-maxillary suture create a "V"-shape, with the nasal-frontal suture as left wing and
the premaxillary-frontal suture and the maxillary-frontal suture as right wing, and with
the apex of the "V" directed posteriorly. The frontal contacts the parietal posteriorly,
with another "V"-shaped suture and the apex of the "V" directed anteriorly. On the
anterolaterior comer there is a small area of contact with the lacrimal. A short crescentic
crest on the lateral edge of the frontal behind the frontal-maxillary suture is considered to
be a supraorbital crest. The postorbital process is prominent, located at the posterior edge
of the supraorbital crest just in front of the frontal-parietal suture. A sharp constriction of
the skull lies posterior to the postorbital process.
The orbital process of the frontal is an important element of the medial wall of the
orbital region. It descends from the supraorbital crest anteriorly and the frontal-parietal
suture posteriorly into the orbit, and occupies almost half the area of the orbital medial
wall. It contacts the lacrimal anteriorly, the maxilla ventrally, and the orbitosphenoid and
the parietal posteriorly. At the middle of the frontal-orbitosphenoid suture, there is a
large crescent shaped foramen, the ethmoid foramen. The dorsal surface of the frontal of
Matutinia nitidulus is very similar to that of Rhombomylus sp., both in occupying small
portion of the dorsal surface of the skull and in its shape. The contact of the orbital
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process of the frontal with the maxilla in the orbital region of M. nitidulus is also similar
to that of/?, sp.
Parietal (Fig. 11,12)
The parietal is an elongate, prominent bone in the skull roof. The dorsal surface of
the parietal is smooth and convex at its anterior part and slightly concave posteriorly. In
dorsal view the parietal is in broad .contact with the frontal anteriorly, the squamosal
laterally, and the interparietal posteriorly. A single sagittal crest is distinct, moderate in
height, and situated between the paired parietal. The parietal-squamosal suture is almost
straight, running anteriorly from the anterolateral comer behind the greatest constriction
of the skull posteriorly to the posterior aid, where it meets the interparietal. The parietalinterparietal suture is a short, straight line, running transversely in front of the lambdoid
crest. Laterally the parietal contacts the alisphenoid for a short distance. The parietalalisphenoid suture lies along the upper postaior rim of the temporal fossa. There is a
small, narrow rectangular bone straddling in the parietal-squamosal suture at the posterior
one third of the roof of the skull. This bone is the dorsal penetration of the petrosal. The
parietal of Matutinia nitidulus is very similar to that of Rhombomylus sp. but has a
smalla dorsal penetration by the petrosal between it and the squamosal.
Interparietal (Fig. 11,12)
The interparietal is a small rectangular bone at the posterior end of the roof of the
skull, separated from the occipital by a distinct suture. The interparietal-parietal suture is
described in the parietal section. The interparietal-occipital suture bounds the posterior
edge of the roof of the skull.
Squamosal (Fig. 11,12)
The squamosal is a large, rectangular bone covering most of the skull's posterior
dorsal roof and the lateral wall of the cranial cavity. It contacts the parietal dorsally, the
alisphenoid anterolaterally, the petrosal dorsally, ventromedially, and posteriorly, and the
jugal at the posterior edge of the zygomatic process. The squamosal-alisphenoid suture
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continues from the parietal-alisphenoidal suture posteriorly. The squamosal-petrosal
suture is a strong ridge continuing laterally from the lambdoidal crest to bound the
posterior edge of the skull. In ventral view the glenoid fossa is narrow and elongate
anteroposteriorly. A long, bony external acoustic meatus lies lateral to the posterolateral
wall of the squamosal, separated posteriorly by a deep groove from the squamosal. A
large, elongate bony bulla lies ventrally. The temporal foramen is anterior to the
squamosal-petrosal suture and posterior to the root of the zygomatic process. A foramen
between the upper rim of the external acoustic meatus and the lateral edge of the
squamosal is probably for a vein. A large postglenoid foramen is situated at the dorsal
posterior comer of the glenoid fossa. In the deep groove posterior to the external
acoustic meatus there are three foramina: the functions of the dorsal two foramina are
uncertain, and the large foramen situated ventrally is the stylomastoid foramen. The
squamosal of Matutinia nitidulus is similar to that of Rhombomylus sp. in size and shape.
However, M. nitidulus has two foramina with uncertain function around the
posterolateral coma-of the skull.
Alisphenoid (Fig. 12)
The alisphenoid is a large, obliquely square bone, forming the sloping posterior wall
of the orbitotemporal fossa. It contacts the parietal posterodorsally, the squamosal
posteriorly, the orbitosphenoid anteriorly, and the palatine anteroventrally. The sutures of
the alisphenoid with the parietal, the frontal, and the squamosal have been described in
the above section. The alisphenoidal-orbisphenoidal suture lies at the posterior rim of the
medial wall of the orbit and is anteroposteriorlly oblique. The alisphenoidal-palatine
suture is short, connecting the orbitosphenoidal-palatine suture at the posterior edge of
the palatine. Several large foramina pierce the alisphenoid posteriorly along the
alisphenoidal-orbitosphenoidal suture and the orbitosphenoidal-palatine suture. Dorsally,
a large, round optic foramen opens laterally. The sphenoidal (orbital) fissure, ventral and
posterior to the optic foramen, is partially obscured by cracks; however, a round foramen
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on the anterior wall of the sphenoidal fissure is clear. Next to the orbital fissure and
separated from it by a very thin bony septum is a large oval foramen, facing anteriorly. It
is here identified as the anterior opening of the alisphenoidal canal. Posterior to the
anterior opening of the alisphenoidal canal is a large opening. Dorsal to the opening there
are two foramina: the posterior opening of the alisphenoidal foramen situated anteriorly
and the oval foramen posteriorly. Separated by the lateral branch of the pterygoid from
the dorsal opening is an oval shaped foramen, the foramen ovale accessorius, based on
Wahlert (1974). This foramen is situated horizontally and faces downward.
Orbitosphenoid (Fig. 12)
The orbitosphenoid is an elongate, narrow, rectangular bone, lying on the
posteromedial wall of the orbit. It contacts the frontal and the maxilla anteriorly, the
alisphenoid posteriorly, and the palatine ventrally. The sutures of the orbitosphenoid
with the frontal, the maxilla, the alisphenoid, and the palatine have been described above.
Pterygoid (Fig. 13)
The pterygoid is a peculiar element behind the palate. It contacts the palatine
anteriorly and dorsally, the alisphenoid posterodorsally, and the presphenoid medial
ventrally. The sutures of the pterygoid with the alisphenoid and the presphenoid are
fused, so that the boundaries are difficult to identify. A crack between the posterior edge
of the palatine and the anterior edge of the pterygoid probably is coincident with the
palatine-pterygoid suture. The pterygoid has three thin bony branches. The lateral
branch extends from the posterior edge of the orbital process of the palatine to touch the
tympanic bulla antero-lateral-dorsally and enclose the foramen ovale accessorius laterally.
The middle branch contacts the posterior edge of the postpalatine spine anteriorly and is
higher than the other two branches. The middle branch extends from the posterior end of
the postpalatine spine to reach the anteromedial rim of the tympanic bulla.
The pterygoid of Matutinia nitidulus is similar to that of Rhombomylus sp. in being
trifurcate, and having the lateral and medial branches in contact with the tympanic bulla.
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Palatine (Fig. 12,13)
The palatine is a moderate sized bone, occupying a third of the ventral surface of the
palate. It contacts the maxilla laterally and anteriorly, and the pterygoid posteriorly. The
palatine-maxillary suture on the ventral surface of the palatine runs laterally and
longitudinally along the lingual side of the tooth row and turns transversely at the level of
the posterior edge of P3. The posterior rim of the palatine is formed by a prominent
ridge, and the postpalatine torus is slightly convex posteriorly. There are two paired
foramina, the palatine foramina, on both sides of the palatine, the anterior pair situated at
the posterior edge of P4 and the posterior pair at the posterior edge of M1. Anterior to the
anterior palatine foramen is a fine groove extending from the level at the middle of the P4
to the middle of P3. The orbital process of the palatine is a small element, located at the
lower posterior comer of the orbital region. It contacts the maxilla at the anteroventral
edge of the medial wall of the orbit, the orbitosphenoid dorsally, the alisphenoid
posteriorly, and the pterygoid at the lateroposterior comer. The sutures of the palatine
with other elements in the orbital region have been described above. The shape and the
proportion of the palatine of Matutinia nitidulus are similar to that of Rhombomylus sp.
Presphenoid
The presphenoid can be seen in the specimen IVPP V-7444. It is a narrow triangular
splint of bone in ventral view. The anterior contact of the presphenoid with other
elements is not clear because of damage. Laterally, it contacts the medial branch of the
pterygoid. The suture between the presphenoid and the basisphenoid is not well
preserved. The ventral surface of the presphenoid is smooth. The presphenoid of
Matutinia nitidulus is similar to that of Rhombomylus sp. in both shape and size.
Basisphenoid (Fig. 13)
The basisphenoid is a small, square element on the ventral surface of the skull. It is
located between the presphenoid anteriorly and the basioccipital posteriorly. The
basisphenoidal-basiocdpital suture is short and situated anteriorly at about a fifth of the
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way along anteromedial wall of the tympanic bulla. Laterally it contacts the medial
branch of the pterygoid and the tympanic bulla. The ventral surface of the basisphenoid
is smooth. The basisphenoid of Matutinia nitidulus is similar to that of Rhombomylus
sp. in both shape and size.
Occipitals (Fig. 13)
The occipitals, including the basioccipital, the supraoccipital, and the exoccipital, can
be seen in the specimen IVPP V-7444. In ventral view the basioccipital is a large
element, occupying almost two thirds of the basicranial surface. It is somewhat
trapezoidal, with the narrow edge anteriorly and broad posteriorly. The basisphenoidalbasioccipital suture has been described above. Anterolaterally the basioccipital contacts
the tympanic bulla along a slightly curved line, and the paroccipital process posteriorly.
The suture between the basioccipital and the paroccipital is irregular, located in the lateral
side of a deep trough between the condyle and the mastoid process of the petrosal. The
basioccipital consists of the ventral parts of the occipital condyles. There is a short, weak
keel longitudinally along the midline of the basisphenoid. Two very shallow fossae are
located bilateral to the keel. At the posterolateral side of the basisphenoid, where the
basisphenoidal-tympanic suture and the paroccipital-mastoidal suture meet, there is a
large round opening. Inside are two distinctive foramina, the entrance for internal carotid
artery facing anteriorly and the jugular foramen located posteriorly and facing downward.
In front of the ventral lobes of the condyle, there is a large opening with two hypoglossal
foramina inside, the medial one larger and facing laterally, and the lateral one smaller and
facing medially. The ventral lobes of the condyle show a slightly convex surface. The
paroccipital process is large, separated by a deep trough from the condyle ventrally, and
makes up the ventromedial wall of the mastoid process. The suture between the
paroccipital and the mastoid process runs anteriorly from the posterior aid of the
basioccipital-tympanic suture down to the posterior edge of the mastoid process, where it
turns dorsally, merging with the exoccipital-mastoidal suture. At the anterior tip of the
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paroccipital-mastoidal suture and on the dorsal end of the medial wall where the bony
bulla and the mastoid process meet, there is a large oval opening with two foramina
inside. The anterior one is the larger; both face down.
In occipital view, the occipital, composed of the exoccipital and the supraoccipital, is
semicircular, and the condyle is quite small relative to the occipital surface. The suture
between the exoccipital and the supraoccipital runs dorsally from a point medial to the
condyle to meet the lambdoid crest near the posterior aid of the parietal-squamosal
suture. The lambdoid crest is prominent and projects behind the occipital surface and the
condyle. The foramen magnum is relatively small in occipital view and oval, with the
long axis transverse. The dorsal lobe of the occipital condyle extends behind the foramen
magnum; however, it does not extend to the upper margin of the foramen magnus, so that
the left and the right dorsal lobes of the occipital condyle are separated by a broad notch.
The occipital of Matutinia nitidulus is similar to that of Rhombomylus sp. in shape and
arrangement of elements. Based on the specimen IVPP V-7444, the lambdoid crest of
M. nitidulus seems to project more posteriorly than does that of R. sp.
Auditory Region (Fig. 13,14)
The large tympanic bulla and the greatly inflated mastoid process of petrosal form a
distinctive part of the posterior portion of the skull. The tympanic bulla can be seen in the
specimens IVPP V-7444 and the serial sections. The ectotympanic makes up the
tympanic bulla. In lateral view it expands laterally and anteriorly and contacts anteriorly
with the lateral branch of the pterygoid, with the squamosal dorsoposteriorly, and with
the mastoid process of petrosal at the ventroposterior comer. The external acoustic
meatus is a long bony tube (2.5 mm) with the opening dorsoposteriorly directed. The
dorsal tip of the meatus reaches the lateral ridge of the squamosal. The posterior edge of
the meatus is a strong straight ridge extending slightly obliquely dorsoventrally, forming
a deep trough with the opposite squamosal. In ventral view the tympanic bulla expands
ventrally and medially and is longitudinally positioned, with the anterior tip directed
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medially. It contacts the medial branch of the pterygoid at the anteromedial comer, the
basisphenoid and the basioccipital medially, and the mastoid process posteriorly. There
is a small foramen at the posteromedial comer of the tympanic bulla about 1 mm in front
of the tympanic bulla-petrosal contact and above the tympanic bulla-basioccipital suture.
This foramen, identified as the entrance for the stapedial artery, perforates the medial
wall of the tympanic bulla into the tympanic cavity. A bony ring for attachment of the
tympanic membrane can be seen on the right tympanic bulla. It is situated in the internal
entrance between the external acoustic meatus and the bulla. The ring is inclined
dorsolaterally-ventromedially, however, the degree of the inclination between the ring
and the sagittal plane is not certain.
The mastoid process of the petrosal expands dorsally, ventrally, and posteriorly. It
penetrates the skull dorsally, and is exposed on the dorsal surface, where it is a small,
narrow rectangular area straddling the parietal-squamosal suture at the level of the
posterior edge of the external acoustic meatus. The chamber of the mastoid process is
filled by numerous thin bony septa, which divide the chamber into cells (or sinuses). In
lateral view the mastoid process of the petrosal is situated behind the lambdoid crest. The
mastoid foramen is large, round, and situated at the dorsolateral at the level of the dorsal
rim of the external acoustic meatus. In ventral view the mastoid process contacts with the
tympanic bulla by a short transverse groove. The mastoid process of the petrosal is
separated from the middle ear cavity by a very thin bony septum, which runs from the
ventral surface to the mid-point of the dorsal.
The middle ear cavity is large, longitudinally elongated, and enclosed by a thin bony
bulla. The petrosal is fully covered by the tympanic bulla. The promontorium is
prominent seen in ventral view of the petrosal while the bulla is opened. It is broadest
posteriorly and narrower anteriorly. The ventral surface of the promontorium is round
and bulbous. A thin bony septum posteromedially connects the posteromedial comer of
the promontorium to the lateral side of the medial wall of the tympanic bulla. On the
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ventral rim of this septum is a small bony tube leading laterally from the stapedial
foramen at the medial side of the medial wall of the tympanic bulla. The lateral
continuation of this tube is not preserved. At the anterolateral comer of the
promontorium, there is a distinctive bony trough bounded by two short bony septa. This
trough runs from the anterior edge of the fenestra vestibuli to a foramen through the
dorsomedial wall of the tympanic bulla. It suggests that the stapedial artery enters the
tympanic cavity from a small foramen on the medial wall of the tympanic bulla, through
the small bony tube along the posterior edge of the promontorium. It turns anteriorly at
the posterolateral coma- of the promontorium, passes by the fenestra vestibuli through
the bony trough, and may finally leave the tympanic cavity through the foramen on the
anterodorsal medial wall of the tympanic bulla. The fenestra cochleae is a large round
foramen, situated on the posterior wall of the promontorium, and facing posteriorly. On
the lateral wall of the promontorium and anterior to the posterior edge of the
promontorium is a large round foramen, the fenestra vestibuli. Anterodorsal to the
promontorium there is a sizable depression containing a large oval shaped fossa for the
tensor tympani muscle. Posterior to and separated by a thin bony septum from this fossa
is the epitympanic recess, which is a large, deep, triangular fossa, with the apex of the
triangle facing posteriorly. Dorsal and posterolateral to the fenestra vestibuli is a deep
fossa for the origin of the stapedial muscle. Several distinctive features are exposed on
the dorsal surface of the petrosal. A large, round, very deep, subarcuate fossa is situated
dorsally. Ventral and slightly anterior to the subarcuate fossa is the internal acoustic
meatus. The meatus contains within it a foramen for the facial (VII) nerve situated
anterodorsally, and an acoustic foramen for the auditory (VIII) nerve situated
ventroposteriorly. Posterior to the internal acoustic meatus is a fissure like foramen for
the aquaeductus cochleae, which can be seen clearly in the specimen IVPP V-7443 where
the intracranial surface is well exposed. Posterodorsal to this foramen is a long narrow
groove running dorsally to the level of the dorsal side of the mastoid process. The

80
function of this groove is uncertain. Posterior to and separated from the fenestra cochleae
by a bony tube is an oval shaped foramen with uncertain function. The semicircular canal
system is enclosed within the expanded mastoid process of the petrosal. A bony tube
around the edge of the subarcuate fossa and oblique to the sagittal plane is a semicircular
canal. Posterior to the bony tube behind the fenestra cochleae is part of another
semicircular canal running mediolaterally.
The enlarged middle ear cavity is characteristic in the basicranial region of Matutinia
nitidulus and Rhombomylus sp. The same kind of stucture is also seen in several
modem mammals, such as kangaroo rat, gerbils, springhaas, some elephant shrews, and
some desert inhabiting marsupials (Howell, 1932; Segall, 1970; Ryan, 1976; Heffner
and Masterton, 1980; Webster and Plassmann, 1992). These animals usually live in the
deserts. To survive in the deserts' harsh environments, they evolved nocturnal activity:
"spend the day in underground burrows and forage and feed at night" (Webster and
Plassmann, 1992, p. 633) the enlarged middle ear cavity "decreases damping (the
resistance to tympano-ossicular system movement)" and "increases the sensitivity of the
tympano-ossicular system especially in the low frequency range" (p. 32). With this kind
of device, the animals can avoid the enemies in the dark (Webster, 1961; Webster and
Webster, 1975). The appearance of the enlarged middle ear cavities in M. nitidulus and
R. sp. shows that this kind of structure probably evolved very early in the fossil record,
and that M. nitidulus and R. sp. may have adapted to the same environments as have the
kangaroo rat and gerbils.
Reconstruction of the major cranial vessels and nerves
Eutherian mammals share a common pattern of cranial vessels in the embiyonic stage
(Goodrich, 1986). The major components of this pattern are the primary head vein
including the lateral head vein, the internal carotid artery, the stapedial artery, and the
©eternal carotid artery (Wible, 1992). The external carotid artery and its branches usually
run through soft tissue and rarely leave an impression on the bone. The pattern of the
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cranial vessels varies considerably in the adult eutherian mammals. The variation in
circulatory pattern has been studied and found useful in determining the phylogenetic
relationship of fossil and modem mammals (Greene, 1935; MacPhee, 1981; MacPhee
and Cartmill, 1986; Novacek, 1986; Rougier, et al., 1992; Wible, 1983,1987). A
reconstruction of fossil cranial vessels is difficult because not all cranial vessels leave
impressions in the bone, and not all impressions are preserved in the fossils. I attempt to
restore the cranial vessels for Matutinia in this discussion, based mainly on well
preserved foramina, grooves, and canals on the skull.
Arteries (Fig. 14,15)
Internal Carotid Artery
The internal carotid artery occurs in monotremes, marsupials, and most placentals, and is
the major vessel supplying blood to the brains and eyes in those animals. It arises from
the common carotid artery at the basicranial region, and it enters the braincase through a
foramen or a fissure, either within the basisphenoid or between the basisphenoid and the
petrosal. According to Wible (1986, p. 313; 1992, p. 199), there are three types of entry
ways for the internal carotid artery based on the positional relationship of the entrance to
the bulla in the mammals: 1. extrabullar, lying medial to the middle ear floor (auditory
bulla) or near thebasioccipital-petrosal suture, as in monotremes, marsupials, and some
placentals (perissodactyls and hyracoids); 2 . perbullar, lying within a canal in the middle
ear floor, as in some rodents and primates; 3. transpromontorial, lying on the ventral
surface of the promontorium (often within a groove or osseous canal), as in lipotyphlans.
Matutinia nitidulus has a pronounced opening at the suture between the basioccipital
and the bulla. Two separate foramina lie within this opening. The anterior one is
directed anteroposteriorly and lies within the medial wall of the tympanic bulla. This
foramen is considered a carotid foramen, the entrance of internal carotid artery, based on
its position and direction. The posterior one is the jugular foramen (see below). The
entrance for the internal carotid artery of M. nitidulus seems to be a "perbullar" type
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based on Wible (1986). The internal carotid artery in M. nitidulus probably leaves the
common carotid artery in front of the anteroventral edge of the condyle and immediately
enters the carotid foramen after giving rise to the stapedial artery.
Stapedial Artery (Fig. 14)
The stapedial artery and its branches occur in monotremes, embryonic marsupials,
and most placentals, and are the major vessels supplying blood to the supraorbital,
infraorbital, and mandiblular region. The stapedial artery arises from the internal carotid
artery near the stapes or the medial wall of the tympanic bulla. The stapedial system and
its related grooves, canals, and foramina are considered important features in the
investigation of phylogenetic relationships (Bugge, 1974; Wahlert, 1974,1985; MacPhee
and Cartmill, 1986; Wible, 1987,1992, 1993). Major branches of the stapedial artery
studied herein include: proximal stapedial artery, ramus superior, ramus inferior, ramus
temporalis, arteria diploetica magna. The terms for vessels follow Wible (1987).
Proximal stapedial artery
The proximal stapedial artery is the stem of the stapedial artery. Two distinct patterns
of origin of the proximal stapedial artery occur among modem mammals according to
Wible (1987, p. 114): "in nearly all eutherians (and in reptiles, birds, and embryonic
marsupials), the proximal stapedial artery arises from the internal carotid artery within the
tympanic cavity on the ventral surface of the promontorium of the petrosal bone"; in the
monotreme Omithorhynchus and some muroid rodents, "the proximal stapedial arta y
leaves the internal carotid artery posterior to the auditory bulla" and "has its own foramen
of entrance into the tympanic cavity". This pattern is considered an apomorphous
character state by Wible (1987).
Matutinia nitidulus has a distinct foramen at the posterior wall of the tympanic bulla
and is situated ventral, slightly posterior to the carotid foramen. A partial bony tube
connected with this foramen on the medial wall of the tympanic bulla within the middle
ear cavity in specimen IVPP V-7444 is the passageway for the proximal stapedial artery
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within the bulla. In rodents, the stapedial foramen is usually located at the posterior side
of the tympanic bulla. The stapedial foramen of M. nitidulus is slightly anterior to the
medial wall of the tympanic bulla, probably because of the inflation of the mastoid
process. The stapedial arteiy of Af. nitidulus enters the tympanic cavity in a manner
similar to that of murid rodents.
The proximal stapedial artery bifurcates into the ramus superior and the ramus
inferior. According to Wible (1987), the bifurcation exhibits two major patterns in
modem mammals. In some animals, "the bifurcation is ventral to the tympanic roof
within the middle ear cavity: the ramus inferior then runs forward into the orbitotemporal
region ventral to the tympanic roof and the ramus superior moves dorsally into the cranial
cavity through the tympanic roof1; and in others (lagomorphs, rodents, elephant shrews,
and bats), "the proximal stapedial pierces the tympanic roof, and the ramus
superior/ramus inferior bifurcation is within the cranial cavity; the ramus inferior then
reaches the orbitotemporal region via a course dorsal to the tympanic roof' (Wible, 1987,
p. 116).
The middle ear cavity of M. nitidulus is well closed by the tympanic bulla. In
specimen IVPP V-7443 with the middle ear cavity exposed, a fissure like structure lying
between the tympanic roof and the anterolateral wall of the tympanic bulla and dorsal to
the fossa for the tensor tympani muscle, is probably the exit of the proximal stapedial
artery. A distinctive groove medial to the tensor tympani fossa, bounded by a thin bony
wall and extending from a large foramen (possibly the entrance for the eustachian tube) at
the anteromedial comer of the tympanic bulla to the dorsolateral side of the fenestra
vestibuli, does not seem likely as the passageway of the ramus inferior. Therefore, the
bifurcation of the ramus superior/ramus inferior in Af. nitidulus is probably within the
cranial cavity, as in rodents, taking place after the proximal stapedial artery alters the
cranial cavity through this foramen.
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Ramus superior
The ramus superior supplies blood in the occipital, orbitotemporal, and ethmoidal
regions. According to Wible (1987, p. 116), the remus superior enters the orbit "through
the superior orbital fissure between the alisphenoid and orbitosphenoid or through a
separate, more dorsally situated foramen lying near the juncture of the alisphenoid,
orbitosphenoid, parietal, and frontal". It has two major parts, the anterior and the
posterior. The anterior part runs "forward medial to the squamosal, the parietal, and the
alisphenoid (or sometimes frontal), supplying additional meningeal rami; entering the
back of the orbit, the ramus superior ends in vessels that travel with the lacrimal, frontal,
and ethmoidal branches of the ophthalmic nerve". The posterior part of the ramus
superior "supplies meningeal rami, temporal rami, and an arteria diploetica magna"
(Wible, 1987, p. 117). M. nitidulus has no distinct foramen for the passageway of the
vessels in the alisphenoidal-oibitosphenoidal suture. The ramus superior may enter the
orbit either through the superior orbital fissure (or sphenorbital fissure) or through the
alisphenoid canal.
Ramus temporalis
The ramus temporalis arises "from the posterior branch of the ramus superior" and
"leaves the cranial cavity via foramina within or between the squamosal and parietal
(dorsal to the external acoustic meatus) and supplies the posterior portion of the
temporalis muscle" (Wible, 1987, p. 118). Matutinia nitidulus has a sizable foramen on
the lateroposterior surface of the squamosal, which is considered as the exit for the ramus
temporalis.
Arteria diploetica magna
The arteria diploetica magna is a branch of the ramus superior that "connects the
posterior branch of the ramus superior and the occipital branch of the external carotid
system" (Wible, 1987, p. 120). It has been studied in detail ( Bugge, 1974,1979;
Kermack et al., 1981; Wible, 1987). Wible (1987, p. 120) describes the arteria
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diploetica magna as leaving the cranial cavity between the parietal and the canalicular part
of the petrosal and running posteriorly in an extracranial space between the petrosal and
the squamosal. On the lateroposterior rim of the mastoid process near the squamosalpetrosal suture of Matutinia nitidulus there is a large foramen, identified here as possible
©tit for the artery diploetica magna. The foramen is not situated in the squamosalpetrosal suture, probably because of the inflation of the mastoid process, which led to a
posterior shift of the foramen.
Ramus inferior
According to Wible (1987, p. 121), the ramus inferior runs into the temporal fossa
aft© it leaves the proximal stapedial artery, and then "bifurcates into infraorbital and
mandibular rami behind the mandibular nerve". Wible (1987, p. 121) finds that the
ramus inferior in most eutherians arises "within the middle-ear cavity and travels ventrally
to the osseous tympanic roof next to the less© petrosal nerve". However, the ramus
inferior shows "a unique pattern in Lagomorpha, Rodentia, Macroscelidea, and
Chiroptera: it arises from the proximal stapedial artery within the cranial cavity and runs
forward dorsal to the osseous tympanic roof, and "enters the temporal fossa either
through the piriform fenestra in lagomorphs, chiropterans, and most rodents, or adjacent
to the foramen ovale in macroscelideans". The ramus inferior of Matutinia nitidulus
probably leaves the proximal stapedial arteiy within the cranial cavity; however, its exit to
the temporal fossa is uncertain.
Ramus infraorbitalis
The ramus infraorbitalis arises from the ramus inferior in the temporal fossa (Wible,
1987). According to Wible (1987, p. 124), in the monotreme Tachyglossus, marsupials,
and xenarthrans, "the ramus infraorbitalis runs directly ventral to the skull base". In the
monotreme Omithorhynchus, lagomorphs, and scandentians, the ramus infraorbitalis
passes through the alisphenoid canal on the ventral surface of the skull base. In dipodoid
rodents, "the ramus infraorbitalis originates from the ramus inferior within the cranial
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cavity and enters the back of the orbit through the confluent superior orbital
fissure/foramen rotundum". In chiropterans the ramus infraorbital enters "the cranial
cavity through the foramen ovale (or a separate opening in front of foramen ovale) and
foramen rotundum, respectively" (Wible, 1987, p. 124). Matutinia nitidulus has a
distinct alisphenoid canal. The ramus infraorbitalis most likely alters the orbit through
the alisphenoid canal. In M. nitidulus the posterior opening of the alisphenoid is very
close to the anterior wall of the tympanic bulla, which may suggest that either the ramus
infraorbitalis originates from the ramus inferior within the cranial cavity, or that
bifurcation of the ramus infraorbitalis and the ramus mandibularis is in front of the
anterior edge of the tympanic bulla.
Veins
Transverse Sinus and Retroglenoid Vein
The transverse sinus, one of the major sinuses of the dura mater, is a venous passage
into which the veins of the brain and its encasing bone drain. It is paired, beginning at
"the junction of the superior sagittal and straight sinuses, and extend laterally from the
midline of the skull, along the attachment of the tentorium, to reach the postglenoid
foramen" (Greene, 1963, p. 222). At the postglenoid foramen, it becomes the
retroglenoid vein, which empties into the internal maxillary van as one of its largest
tributaries. Matutinia nitidulus has a large, round foramen situated at the posterior end of
the glenoid fossa, which is identified as the postglenoid foramen. It should be the exit
for the retroglenoid vein.
Internal Jugular Vein
The formation of the internal jugular vein varies in mammals. In the rat, the "internal
jugular vein is made up of tributaries from the occipital and inferior petrosal sinuses; it
leaves the skull through the posterior lacerate foramen" (Greene, 1963, p. 220). The
jugular foramen in Matutinia nitidulus lies at the suture between the basioccipital and the
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tympanic bulla, and posterior to the carotid foramen. It should be the ©tit for the internal
jugular vein.
Occipital Emissary Vein
The occipital emissary vein lies on the posterior surface of the skull and drains blood
from the deep muscles on the cranial part of the neck. In the dog, the transverse and the
sigmoid sinus have a connection with the occipital emissary vein. The larger connection
between this vein and the sinus system passes through the supramastoid foramen.
Matutinia nitidulus has a mastoid foramen situated at the posterior surface of the skull,
near the occipital-petrosal suture. It probably represents the exit for the connection
between the sinus system and the occipital emissary vein.
Nerves
The foramina for passage of the major cranial nerves of Matutinia nitidulus are well
preserved in the specimen IVPP V-7443 and 7444. The optic (II) nerve leaves the cranial
cavity through the optic foramen, in the orbitosphenoid bone. The oculomotor (III), the
trochlear (IV), the ophthalmic branch of the trigeminal (V-l), and the abducens (VI) leave
the cranial cavity through the orbital fissure, at the orbitosphenoidal-alisphenoidal suture.
The maxillary branch of the trigeminal nerve (V-2) leaves the cranial cavity through the
foramen rotundum, which lies at the same opening as the orbit fissure and separated from
the latter by a thin bony septum. The mandibular branch of the trigeminal nerve (V-3)
leaves the skull through the foramen ovale, at the lateroposterior end of the alisphenoid.
The facial (VII) nerve enters the middle ear cavity through a foramen situated
anterodorsal to the internal acoustic foramen in the subarcuate fossa, and leaves the
middle ear cavity through the stylomastoid foramen situated in a groove behind the
posterior edge of the external acoustic meatus. The vestibulocochlear (VIE) nerve enters
the inner ear through the internal acoustic meatus situated in the subarcuate fossa. The
glossopharyngeal (IX), the vagus (X), and the accessory (XI) nerve leave the cranial
cavity through the jugular foramen situated at the suture between the basioccipital and the
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tympanic bulla, posterior to the bulla. The hypoglossal (XII) nerve leaves the cranial
cavity through two hypoglossal foramina situated anterior to the ventral surface of the
condyle.
Discussion
The family Eurymylidae is an Asian endemic eutherian group previously assigned to
the extinct order Anagalida, also containing families Pseudictopidae, Zalambdalestidae,
and Anagalidae by Szalay and McKenna (1971) and to the order Mixodontia by Sych
(1971). The first genus described in the family is Eurymylus from the latest Paleocene of
the Gashato Formation, Mongolia (Matthew and Granger, 1925a; Matthew et al., 1929).
The family now includes the late Paleocene genera Heomys (Li, 1977), Eomylus, Amar,
and Khaychina (Dashzeveg and Russell, 1988), and the early Eocene genera Matutinia
(Li et al., 1979) and Rhombomylus (Zhai, 1978b; Li and Ting, 1985), from both China
and Mongolia. Most species in the family are known only from teeth.
The genus Matutinia is represented by the type species M. nitidulus. In dental
morphology it is considered as an intermediary type of eurymylid between Heomys and
the more advanced genus, late early Eocene Rhombomylus (Li et al., 1979). Dashzeveg
and Russell (1988) suggest that it be placed in the genus Rhombomylus. Features of the
skull of M. nitidulus indicate that it represents a more primitive form than R. turpanensis,
R. laianensis, and R. sp.
M. nitidulus is larger than H. orientalis in size and close to R. turpanensis and R. sp.
The premolars of M. nitidulus are significant indicating the intermediate position between
H. orientalis and R. turpanensis. Both P3 and P4 of H. orientalis are bicuspid, with
weak crests connecting the protocone and the paracone anteriorly. The metacone of M.
nitidulus is weakly developed and has a strong crest connecting the protocone and the
paracone anteriorly, similar to that of R. turpanensis. However, the degree of the
development of the metacone and the crest in M. nitidulus is not so strong as in R.
turpanenis. p3 of M. nitidulus is less molariform than R. turpanensis, with no metaconid
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and paraconid on the trigonid and very weak development of hypoconulid and
entoconulid on the talonid. The P4 of M. nitidulus is more molariform than H. orientalis
in having a larger paraconid, and in being less molariform than R. turpanensis by having
less development of the protolophid and hypolophid. A broad hypocone shelf of the
upper molars is the characteristic in H. orientalis, M. nitidulus, and R. turpanensis. The
hypocone shelf in M. nitidulus is more developed than in H. orientalis and less than in
R. turpanensis, indicating its intermediate position between these two species. The lower
molar of M. nitidulus shows more similarity to those of R. turpanensis than to H.
orientalis; however, the crests connecting the cusps on the lower molars in M. nitidulus
are not as developed as in R. turpanensis.
The shape of the skull and the basic arrangement of the cranial bones of M. nitidulus
are very similar to that of R. sp. The basicranial regions in both M. nitidulus and R. sp.
are characterized by a well developed elongate tympanic bulla and an inflated mastoid
process of the petrosal. The mastoid process intrudes dorsally to the parietal and the
squamosal and is exposed on the dorsal surface of the skull. The wall of the inflated
mastoid process is very thin. Bony septa fill the inside of the mastoid process and
separate it into cells (or sinuses). However, the features in the basicranial and the ear
region of M. nitidulus show it to be more primitive than R. sp. The dorsal exposure of
the mastoid process of M. nitidulus is much smaller than that of R. sp. The bony septa in
the mastoid process of M. nitidulus are less developed than those of R. sp. The
promontorium of Matutinia is basically a simple bulbous body. The promontorium of R.
sp. is more convex than that of M. nitidulus, and there is a deep groove on the surface of
the promontorium. The carotid foramen of M. nitidulus is at the posterior comer of the
medial wall of the tympanic bulla and apart from the jugular foramen; however, the
carotid foramen ( a fissure) of R. sp. lies at the anterior comer of the medial wall of the
tympanic bulla. The stapedial foramen of M. nitidulus is located on the medial wall of the
tympanic bulla ventral to the carotid foramen. However, there is no foramen ventral to
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the carotid foramen on the medial wall of the tympanic bulla in R. sp. as in M. nitidulus.
A bony canal for the eustachian tube situated lateral to the promontorium appears in M.
nitidulus, but not in R. sp. There are two foramina for the veins posterior to the jugular
foramen in M. nitidulus, but not in R. sp. A deep groove behind the external acoustic
meatus occurs in M. nitidulus, but not in R. sp. There are two small foramina for the
veins by the stylomastoid foramen in M. nitidulus, but not in R. sp. These differences of
the foramina in the ear region between M. nitidulus and R. sp. indicate differences in the
cranial vessels in the two forms. The presence of a distinct foramen for the stapedial
artery, smaller dorsal exposure of the mastoid process, the less bony septa, and the flatter
promontorium indicate that M. nitidulus is more primitive than R. sp.
The Eurymylidae differ from the other families of the order Anagalida in having ever
growing enlarged incisors and a rodent like snout. The family has been considered to be
closely related to the lagomorphs (Wood, 1942; Van Valen, 1964) or rodents (Li, 1977).
Previously, the cranial features of the family Eurymylidae were known only from
Rhombomylus sp. The study of the skull of M. nitidulus improves the understanding of
the relationship of eurymylids to rodents. Reconstruction of the cranial vessels of M.
nitidulus indicates that the paths of the major carotid arteries are comparable to those of
some fossil and modern rodents.
The internal carotid artery in its course across the skull base in modem mammals
exhibits different positions. Wible (1986) suggests three types of position in the
basicranial region. In monotremes, marsupials, and some placentals, the course of the
internal carotid artery is along thebasioccipital-petrosal suture medial to the auditory
bulla, which is often assumed to be a primitive condition for Mammalia and for
Placentalia. The course of the internal carotid artery of M. nitidulus is in the auditory
bulla, which indicates that M. nitidulus shares with some rodents a perbullar course.
The internal carotid artery varies in its presence in the rodents. Guthrie (1963)
studied the extent of this variation at the family level of the rodents. According to Guthrie
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(1963), the internal carotid artery occurs in some seven families, including Castoridae,
Heteromyidae, Dipodidae, Zapodidae, Muridae, Cricetidae, and Pedetidae; and
questionably appears in the families Spalacidae, Rhizomyidae, and Anomaluridae. There
are two major types of entryway into the skull in the forms which have an internal carotid
artery. One, represented by Rattus norvegicus (Muridae), has its internal carotid artery
leaving the common carotid artery at the level of the thyroid gland and entering the
cranial cavity through a groove (carotid canal) on the medial side of the tympanic bulla,
after giving rise to the stapedial artay. The other, represented by Microtus
Pennsylvaniais (Cricetidae), has its internal carotid artery leaving the common carotid
artoy at the level of the occipital condyle and entering the cranial cavity through the
jugular foramen after giving rise to the stapedial artery. The internal carotid artoy of M.
nitidulus alters the cranial cavity from the carotid foramen, a foramen separated from the
jugular foramen, as can be seen clearly in specimen IVPP V-7444. In specimen IVPP
V-7443 with the cranial medial side of the petrosal exposed, a small, flat bony surface is
seen projecting posteromedial to the postaomedial comer of the petrosal, which is a
possible passageway of the internal carotid artery (a broken wall of the carotid canal) to
the cranial cavity. The internal carotid artery of M. nitidulus very possibly goes through
this canal; if so, the course of the internal carotid artery of M. nitidulus may be similar to
that of murids. The entrance of the internal carotid artery in M. nitidulus seems similar to
that of murid rodents; however, the carotid foramoi of M. nitidulus is more posteriorly
located.
In fossil rodents, according to Wahlert (1974), Paramys and Ischyrotomus show no
trace of the promontory artery (intonal carotid artery), but Leptotomus has this artery. In
Cocomys lingchaensis, there is a shallow groove at the medial-anterior of the ventral
surface of the promontorium identified as the promontory artery (Li, et al., 1989). This
indicates that the internal carotid artery of C. lingchaensis probably does not go through
the canal medial to the medial wall of the tympanic bulla as in M. nitidulus.
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The stapedial artery is important in discussing the phylogenetic relationship in the
eutherians. The site of origin of the proximal stapedial artery and the position of the
bifurcation of the ramus superior/the ramus inferior vary in mammals. As mentioned
before, the modem mammals have two distinct patterns of origin for the proximal
stapedial artery. M. nitidulus has a distinct separate stapedial foramen, which indicates
that it may have a similar pattern to that of some of the muroid rodents.
Order Acreodi Matthew, 1909
Family Hapalodectidae (Szalay and Gould, 1966) Ting and Li, 1987
Genus Hapalodectes Matthew, 1909
Species Hapalodectes hetangensis Ting et Li, 1987
This species was described and reported in a previous paper (Ting and Li, 1987).
The type specimen, a complete skull and lower jaw (IVPP V-5253), is, so far, the only
cranial evidence of the genus Hapalodectes. The referred specimen is an anterior part of a
skull with deeply worn left M 1'2 (IVPP V-5254) (Field number, 82024).
Hapalodectids, with mesonichids originally considered as primitive carnivores
(Simpson, 1945), belong to the order Acreodi. They are currently considered to be
closely related to the whales, a sister group to the order Cetacea (Szalay, 1969; Szalay
and Gould, 1969; McKenna, 1975). The family Hapalodectidae (Ting and Li, 1987)
includes only one genus, Hapalodectes, a probably piscivorous mammal. Four species,
the early Eocene//, anthrocinus (Zhou, et al., 1991) and H. leptognathus (Matthew,
1909) from North America, and the early Eocene H. hetangensis and the middle or late
Eocene H. serus ( Matthew and Granger, 1925b) from Asia, have been known since the
first species, H. leptognathus, was discovered a century ago (Osborn and Wortman,
1892; Matthew, 1909). The relationship of these four species is not clear because of the
poor preservation of most specimens. The metaconid on the lower molars is probably the
only distinguishing feature of these species. H. hetangensis and H. leptognathus possess
a well developed or vestigial metaconid on the lower molars. H. anthrocinus and
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H. serus have no metaconids. If the presence of the metaconid of the lower molars
represents a primitive condition, as it usually appears in most early eutherians, the
reduction or loss of the metaconid should be considered as a derived character in the
advanced forms.
Zhou and Gingerich (1991) described H. anthrocinus as the earliest species of the
genus. The evidence to support this hypothesis is solely, stratigraphic. On their table
showing the stratigraphic and geographical distribution of Hapalodectes, the authors
proposed that the Lingcha Formation yielding H. hetangensis is equivalent to the late
Graybullian (Wa-5) and is younger than the middle and the late Sandcouleean (Wa-1 and
Wa-2) which yield H. anthrocinus. Therefore, Zhou and Gingerich (1991) conclude:
"As H. anthrocinus appeared early in the Wasatchian, by the middle Sandcouleean, this
new species is probably the earliest record of Hapalodectes, and it may be as much as a
million years older than H. hetangensis" (Zhou and Gingerich, 1991, p. 218-219).
Study of other species from the Lingcha Formation indicates that this formation is not
likely equivalent to the late Graybullian (Wa-5) and probably is much older. The detailed
biostratigraphic correlation will be discussed in the following section. It is difficult to
conclude that H. anthrocinus represents the earliest record of the Hapalodectes, because
no radiometric dating has been done for the Lingcha Formation. Morphologically, H.
hetangensis probably represents the most primitive species of the genus, if the reduction
or loss of the metaconid is considered as a derived character as mentioned above. It is the
smallest in size among the known species and possesses a well developed metaconid on
the lower molars.
Order Pantodonta Cope, 1873
Family Coiyphodontidae March, 1876
Genus lAsiocoryphodon Xu, 1976
Species lAsiocoryphodon sp.
The materials, ?P2, M1, M2, and a fragment of upper premolar (IVPP V-5351), for

94
this species are very fragmentary and barely identified. There has been no new material
found since the material was first reported by Li et. al. (1979). According to Li et al.,
this species is small and its remaining characters indicate that it is close to
Asiocoryphodon, more primitive than the later coryphodontids, and probably represents
an early record of the genus Asiocoryphodon.
Asiocoryphodon is a genus erected for the early Eocene species, A. conicus and A.
lophodontus, from the Yuhaungding Formation, Xichuan Basin, Henan Province by Xu
(1976). The author proposed that A. conicus represents an earlier Asiatic coryphodontid,
and that Asiocoryphodon differs from the North American coryphodontids in having
narrower dorsal surface of the skull, shorter snout, isolated conical or incomplete "V"shaped protocone of the premolars, well developed hypocone, oblique crest of lower
molar close to metaconid, etc. Xu (1976) suggested that Asiatic coryphodontids and
North American counterparts have developed independently since late Paleocene or
slightly later. Lucas (1988) argued that the forerunner of Coryphodon was a North
American Pantolambda-like ancestor, via a rapid evolutionary event, and that in Asia
Coryphodon gave rise to the higher coryphodontid genera (Asiocoryphodon,
Heterocoryphodon, Eudinoceras, Hypercoryphodon). The discussion of this subject is
beyond the scope of this dissertation. The lack of reliable materials of Asiocoryphodon
from the Hengdong fauna calls for further study of the systematics and stratigraphic
significance.
Order Rodentia Bowdich, 1821
Family Cocomyidae Dawson, Li, and Qi, 1984
Genus Cocomys Dawson, Li, and Qi, 1984
Species Cocomys lingchaensis (Li, Chiu, Yan, and Hsieh, 1979)
This species is the earliest known record for the superfamily Ctenodactyloidea. The
only recent family of Ctenodactyloidea, Ctenodactylidae, has four living genera, all of
which are limited geographically to Africa north of the equator (Wood, 1955,1962,
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1977). However, its early history lies mainly in Asia. Cocomys lingchaensis, a type
species of the genus, was first reported as Microparumys lingchaensis by Li et al. (1979)
and restudied by Dawson, et al. (1984), who proposed the name Cocomys. The new
family was created to include two other early Asian rodent genera, Tamquammys of the
middle Eocene and Tsinlingomys of early late Eocene. The detailed study of the skull of
this species was published in a previous paper (Li et al., 1989).
Species cf. Tsagamys subitus
(Plate 2. d, e)
Material: An anterior part of skull with right P*-M3 and left P3-M3, and right
mandible with p4 -ni3 (IVPP V-7451); An anterior part of skull with broken right P^-M2
and complete M3, and with left complete P3 and broken P'LM2. (IVPP V-7452) (Field
number, 82024).
Dentition
The teeth increase from P3 to M3 in both length and width. The upper incisor is wide
and robust. The left P3 is well preserved in specimen IVPP V-7451. P3 is peglike and
has an unworn anterior convex surface curving anterolaterally and a flat posterior surface
facing posteromedially. There is only one distinct cusp, the paracone on the tip of the
crown. Posteromedial to the paracone is a very small cusp on the lower medial edge of
the tooth, probably the protocone. No anterior cingulum is present. There is a very
weak posterior cingulum. Both right and left P4 are preserved in specimen IVPP V7451. P4 is much larger than P3, rectangular, wider than long. The protocone and the
paracone are about same size. The metacone is well developed, slightly smaller than the
paracone, and situated posterior to the paracone. A distinct metaconule is present on the
metaloph. A deep notch, which interrupts the metaloph, is situated between the metacone
and the metaconule. The protoloph is thin and slightly interrupted by a notch at the
middle Both anterior and posterior cingula are well developed. There is a small, circular
worn surface in the position where the hypocone should be, indicating initial

96
development of a hypocone on P4. Both right and left M 1 are preserved; however, the
labial side of the right M 1 is broken. M 1 is roughly square, slightly wider than long.
The protocone and the paracone are worn and taller than the metacone. The worn surface
indicates that the protocone occupies a large area on the trigon. The metaconule is well
developed. The protoconule is not clearly indicated because of deep wear. The
hypocone appears as an enlargement on the posteromedial end of the posterior cingulum.
The mesostyle is well developed and situated posterolabial to the paracone. Both anterior
and posterior cingula are well developed and wide. Both right and left M2 are well
preserved. M2 is square, and the protocone and the paracone are taller than the metacone.
Both protoconule and metaconule are well developed and distinct, however, the former is
smaller than the latter. There is a weak notch labial to the protoconule and the
metaconule, respectively, interrupting the protoloph and the metaloph. The hypocone is
well developed and situated at the medial end of the posterior cingulum. Both anterior
and posterior cingula are well developed. The mesostyle is situated between the paracone
and the metacone, and projecting slightly labially. Both right and left M3 are well
preserved. M3 is somewhat triangular, because of the posteriorly elongated talon. The
protocone and the metacone are higher than the paracone. The trigon of M3 is wider than
that of M2 because of the posterior shift of the metacone. The protoloph and the
metaloph are short and thin. The protoconule and the metaconule are not so distinctive as
in M2. The mesostyle is situated between the paracone and the metacone and labial to
them. The anterior cingulum is well developed and extends from the labial side to the
lingual side of the tooth. The posterior cingulum is much shorter than the anterior one
and is situated at the posteromedial coma-of the tooth.
The lower incisors are as robust as the upper. The lower cheek teeth increase in size
from the front to the back. P4 is rectangular, submolariform, and composed of a trigonid
and a talonid. The trigonid is about as wide as the talonid, but taller. The protoconid and
the metaconid are the cusps on the trigonid. The metaconid is taller than the protoconid.
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There is a notch on the middle of the metalophid. The talonid is composed of the
hypoconid, the entoconid, and a very weak hypoconulid. There is no trace of a
mesoconid or ectolophid. There are no cingula on the tooth, mi is rectangular in shape.
The trigonid is much shorter and narrower than the talonid. The metaconid is larger and
taller than the protoconid. The metalophulid II is short and extends a third of the length
of the crest from the protoconid (Wood and Wilson, 1936). The mesoconid is well
developed. The ectolophid posterior to the mesoconid is short but strong and interrupted
by a notch. The hypoconid, the entoconid, and the hypoconulid are well developed and
separated from each other by small notches. There are no cingula on the tooth. m2 is
larger, but basically has same pattern as mi. m2 is rectangular, with the trigonid and the
talonid equal in length and width. The mesoconid, the entoconid, and the hypoconulid
are stronger than those of mi. m3 is rectangular and structurally similar to m2 . The
metalophulid II is short and extends a third the length of the crest from the protoconid.
The talonid curves posteriorly, making the posterior edge of the tooth semicircular in
shape. The entoconid and the hypoconulid are stronger than in m2.
Measurements (in mm, IVPP V-7451)
upper dentition
right
length

lower dentition
left

width

P3

length

right
width

length

0.7-0.8

0 .8

P4

1.3
1 .8

I>4

1.2

2 .0

1.2

2 .0

mi

Ml

1.6

2 .0

1.6

2 .2

m2

1.9

M2

1.7

2.1

1.6

2.1

m3

2 .2

M3

1.8

1.9

1.8

1.9

P4-M3: 7.8

width
1.0 (trig.)
0.9 (tal.)
1.1 (trig.)
1.5 (tal.)
1.4 (trig.)
1.7 (tal.)
1.6 (trig.)
1.6 (tal.)

Skull
The anterior part of the skull is preserved in specimen IVPP V-7451. The snout is
short and robust. The dorsal surface of the anterior portion of the skull curves dorsally.
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The anterior portion of the nasal is not preserved. The posterior extremity of the nasal
extends to the level of the middle of the oibit. The nasal bone is narrower at the
posterior extremity. The naso-frontal suture is interdigitated and "V"-shaped, with the
apex of the "V" directed posteriorly.
The premaxilla is large, occupying most of the snout. It has an extensive nasal
process, a palatine process, and bears an enlarged incisor at its anterior edge. The nasal
process of the premaxilla extends dorsally to the dorsal surface to contact with the nasal
and the frontal. The premaxillary-frontal suture is short and transverse. Laterally the
premaxilla contacts the maxilla. The premaxillary-maxillary suture runs from the dorsal
surface of the skull to the ventral surface of the snout. The palatine process of the
premaxilla is smaller than the nasal process and is penetrated by a pair of incisive
foramina. The incisive foramen is oval and occupies most of the area of the palatine
process of the premaxilla.
The maxilla is a large bone in the facial region, roughly rectangular in lateral view. It
contacts the frontal dorsally for a very short distance, and contacts the frontal, palatine,
and lacrimal in the orbital region. The maxillary-frontal suture is in the lower part of the
orbit. The maxillary-palatine suture is short and situated at the ventroposterior corner of
the orbital region. A large sphenopalatine foramen is at the anterior edge of the maxillarypalatine suture. The maxillary-lacrimal suture is not clear because of poor preservation; it
is probably limited by the dorsal rim of the zygomatic process of the maxilla. In the orbit
the maxillary-lacrimal suture is short and situated at the anteroventral comer of the orbit.
The palatine process of the maxilla is fused with the palatine. The maxillary-palatine
cannot be seen clearly in palatine view. The infraorbital foramen is round, and situated at
the level anterior to the anterior edge of P3.
The lacrimal bone is large and somewhat square. It is limited to the orbit and has no
exposure in the facial region.
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The frontal is partially preserved on the dorsal surface of the skull. It contacts the
nasal, the premaxilla, and the maxilla anteriorly. It shows the greatest contraction at the
posterior edge of the orbit. The frontal extends down to the orbit and occupies more than
half the area of the medial wall of the orbit. Within the orbit it contacts the lacrimal
anteriorly, the maxillar ventrally, and the orbitosphenoid posteriorly.
The palatine is fused with the maxilla on the palatine surface. It extends dorsally to
the orbital region and is at the posteroventral comer of the orbit. Within the orbit it
contacts the maxilla anteriorly and the orbitosphenoid posterodorsally.
The large orbitosphenoid is partially preserved. It lies posterior to the medial wall of
the orbit. A large optic foramen is located at the orbitosphenoid bone. Both sides of the
optic foramina are confluent.
Mandible
Only the right mandible is preserved in the specimen IVPP V-7451. The angular and
the coronoid processes are not preserved. The horizontal ramus of the mandible is robust
and deep. The masseter fossa is deep and extends forward to below the line between m2
and m3 . The fossa is bounded by a strong ridge dorsally and ventrally. The diastema is
short. A large mental foramen lies below the anterior edge of P4 . A small foramen lying
below a point between p4 and mi is probably another mental foramen.
Discussion
The genus Tsagamys, represented by type species T. subitus, was created by
Dashzeveg (1990) based on the type specimen, a fragment of left mandible with p4-m2
and a referred isolated P4. The major features distinguishing Tsagamys from other
genera of Cocomyidae are strongly molarized upper and lower P4. The specimen IVPP
V-7451 is referred to Tsagamys because it has molarized upper and lower P4; and the
specimen IVPP V-7452 is referred to this genus mainly because of its large size, wide
and robust incisor, and P4 with well developed anterior and posterior cingula. cf. T.
subitus is similar to T, sibitus in having well developed metacone on P4, and hypoconid
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and hypoconulid on P4 ; however, it differs from the latter in having the anterior border of
the masseteric fossa positioned more anteriorly, and in having the mental foramen
situated below anterior border of P4 . Since T. subitus is based on few materials, it is
difficult to make drtailed comparison. Tentatively, I refer specimens IVPP V-7451 and
7452 to this species.
The species cf. T. subitus is larger than Cocomys lingchaensis, especially noticeable
in upper premolars and lower molars. The lower molars are 30% longer than those of
C. lingchaensis. The P4, having two buccal cusps, is the most distinctive tooth
distinguishing cf. T. subitus from C. lingchaensis. In addition, P4 of cf. T. subitus
differs from C. lingchaensis in having a distinct metaconule and a hypocone, and a well
developed posterior cingulum. M3 differs from C. lingchaensis in having a longer and
wider trigon. p4 differs from that of C. lingchaensis in having a relatively wider talonid,
and more developed hypocone and hypoconule. The mesoconid and the hypoconulid of
the lower molars are more developed than those of C. lingchaensis.
The genus Advenimus is another primitive ctenodactylid. It has three species: the late
early or early middle Eocene A. hupeiensis, and the late Eocene A. burkei and A. bohlini.
All three species are known only by the lower premolar and molars, cf. T. subitus is
smaller than the least derived species A. hupeiensis. It differs from the latter in having no
anterior and posterior arms around the metaconid and having a much less developed
hypoconulid in the lower premolar and the molars. It also differs from A. burkei and A.
bohlini in exhibiting a more posterior position of the masseteric fossa, and in having less
development of the mesoconid, hypoconid, and hypoconulid on the lower premolar and
molars. The middle Eocene ctenodactylid genus Tamquammys has a hystricomorphous
skull with a larger infraorbital foramen, which is different from cf. T. subitus.
Ctenodactyloid rodents are a dominant group in the Asian Eocene fauna (Dawson, 1964;
Li, 1975). The genus Cocomys is considered to be the oldest rodent known from Asia.
The nonmolariform PVp4 of C. lingchaensis may be the most primitive premolar for the
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rodents. Comprehensively discussing the Eocene ctenodactylid rodents, Dawson et al.
(1984) proposed two lines of the Eocene ctenodactyloids: the family Cocomyidae and the
family Yuomyidae. The most significant distinctions between these two families are in
the structure of P4 /P4, the former nonmolariform and the latter submolariform. Other
important differences of the Cocomyidae from the Yuomyidae include a
protrogomorphous skull with infraorbital foramen not enlarged, posterior position of the
masseteric fossa, and less developed hypoconulid on the lower teeth, etc. Tsagamys has
a combination of the major features in the two groups mentioned above: a
protrogomorphous skull with a moderate infraorbital foramen, a posterior position of the
masseteric fossa, and a submolariform P4/P4. These indicates that the submolariform
premolar of the ctenodactyloids occurred as early as early Eocene.
Dashzeveg (1990) reported about six new rodent species belonging to four new
genera from the early Eocene of Mongolia. Some of them are based on a few teeth. The
detail comparison of cf. T. subitus with these new taxa will be included in future
research.
Order Perissodactyla Owen, 1848
Family Isectolophidae Peterson, 1919
Genus Orientolophus Ting, 1993
Species Orientolophus hengdongensis Ting, 1993
This species was described and reported recently (Ting, 1993). The type specimens
are a right maxilla with DP^M 2 (IVPP V-5789) and a left mandible with mi .3 (IVPP V5789.1). The referred specimen includes a left maxilla with DP^-M2 (IVPP V-5790).
The species was compared with varied forms of the early Eocene perissodactyls (Ting,
1993). Additional discussion will be organized in the following section with
Pmpachynolophus hengyanensis.
Family incertae sedis
Genus Propachynolophus Lemoine, 1891
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Species Pmpachynolophus hengyangensis
(Young, 1944; Li, Chiu, Yan, and Hsieh, 1979)
This species is represented by the type specimen, a fragmentary mandible with a left
m3 (IVPP V-214), the first mammalian fossil found in the basin. The species was first
identified as lAdapidium sp. (Young, et al., 1938) and then assigned to the genus
Pmpalaeotherium, a European equid (Young, 1944). It was reassigned to the genus
Pmpachynolophus, another European equid, when additional material, a partial left
mandible with the alveoli of P2 and deeply worn p3-m2 (IVPP V-5349), was found (Li,
et al., 1979).
The new material described here is a single left m3 (IVPP V-7453), about 12.5mm
long and 5.5mm wide (Plate 2, f). This specimen is slightly longer and narrower than
the type specimen, but similar to the latter in basic morphology; both m3 are rectangular.
The protoconid and the metaconid are conical and connected by a crest. The metastyle is
well developed, but not separated from the metaconid in the specimen IVPP V-7453.
The metalophid extends from the middle of the posterior wall of the protolophid, labial to
the metaconid. The third lobes of both m3 are characterized by a closed, circular basin.
The hypoconulid is not distinct. The new specimen differs from the type in having
higher, more acute protolophid, hypolophid, and metalophid. It is difficult to judge
whether these faint differences are individual, sexual, or even specific. The new
specimen is referred to this species mainly based on the similarity with the type specimen
in the dental moiphology, especially the characteristic third lobe of the m3 . The drtailed
discussion of this species is in the following section.
Discussion
Perissodactyls are a small group in the Asiatic early Eocene mammalian fauna. They
are rare both in the number of the species and amount of the materials. Some five species
belonging to the equids and the tapiroids have been reported so far. They are
Hymcotherium gabuniai (Dashzeveg, 1979a) and Homogalax namadicus (Dashzeveg,
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1979b) from early Eocene Bumban Formation of Mongolia; Pmpachynolophus
hengyangensis and Orientolophus hengdongensis from the early Eocene Lingcha
Formation; and Homogalax wutuensis (Chow and Li, 1963) from the early Eocene Wutu
Formation of China. The following discussion and review of the Asiatic early Eocene
perissodactyl species based on recently studied materials shed new light on the early
evolution of the perissodactyls in Asia,
a. Asiatic early Eocene tapiroids
Among the reported Asiatic early Eocene tapiroids, Homogalax wutuensis is probably
the only species that is comparable with its counterparts of North America. H. wutuensis
is slightly larger than Cardiolophus radinskyi from the early Eocene Sandcouleean
substage and smaller than Homogalax pmtapirinus from the early Eocene Graybullian
substage of North America. Its basic dental morphology, the V'-shaped upper molar
with the lophodont protoloph and metaloph, and very reduced protoconule and
metaconule, and the lower molar with lophodont protolophid and hypolophid, and
buccally situated metalophid, are very similar to those of H. protapirinus. H. wutuensis
probably represents a more advanced form than C. radinskyi based on its larger size, less
conical cusps, and more acute protolophid and metalophid.
Orientolophus hengdongensis represents the most primitive tapiroid so far known. It
is about one third smaller than H. wutuensis. Its M 1 is almost identical to that of the
latter. However, the m3 is less derived than that of H. wutuens is in having more conical
cusps, less lophodont protolophid, a notched hypolophid, and less developed metastylid.
Discussion of two Mongolian species, Hymcotherium gabuniai and Homogalax
namadicus, raises thorny problems because of the dearth of materials. The reported
specimens of H. gabuniai include a right M2, a left M2, and a left m i. This species is
about the same size as O. hengdongensis and is similar to the latter in basic dental
morphology, especially the much less developed protoconule and metaconule (Hooker,
1980,1984; Ting, 1993). It should be assigned to the genus Orientolophus and may
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represent the same species as O. hengdongensis. However, it is retained as original
species O. gabunai herein until new materials suggest otherwise. The reported specimens
of H. namadicus include a right M 1 and a right mandible with mi , 3. This species is
intermediate in size between O. hengdongensis and H. wutuensis and about the size of C.
radinskyi. Its upper molar, known only from M1, possesses a well developed acute
protoloph and metaloph without any development of the protoconule and metaconule.
The larger size and absence of the protoconule and the metaconule of H. namadicus
indicate it is probably more derived than O. hengdongensis. Tentatively, I refer H.
namadicus to Orientolophus. The Asiatic early Eocene tapiroids include://, wutuensis,
0. hengdongensis, 10. namadicus, and 10. gabuniai. Gingerich (1991) suggested that
Cardiolophus radinskyi might be "essentially ancestral" to Homogalax. However, the
smaller size, more conical cusps, and less lophodont protolophid and hypolophid of O.
hengdongensis suggest that it is closer to the ancestral stem than is C. radinskyi.
b. Propachynolophus hengyangensis, Equid? Tapiroid? Or Chalicothere?
The species P. hengyangensis, previously identified as an equid, is considered the
Asiatic early Eocene mammalian species related to a counterpart in Europe. It has long
been a problem in the early evolution and migration of the equids and in the relationships
between Asian and European faunas.
The type specimen of this species was referred to a European equid genus
Propalaeotherium, based mainly on "the general structure of the tooth [which] fits well
with that of Palaeotherium sinensis" (Young, 1944, p. 2). It was reassigned to the genus
Propachynolophus, based on the similarities of the size, structure of lower molars, and
the degree of molarization of the premolars of the referred specimen to those of
Propachynolophus maldani (Li et al., 1979). These authors also pointed out that the
larger size and the weaker cingulum of P. hengyangensis represent the more advanced
features in the family, and that the less molarization of P3 represents primitive features.
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The new specimen of this species described herein is better preserved than previous
materials and provides more information in understanding the species. Both the type and
new specimens are about a fourth larger than P. maldani and smaller than
Propachynolophus gaudryi. The most noticeable differences distinguishing P.
hengyangensis from P. maldani and P. gaudryi are in the third lobe of m3 . The third
lobes of m3 in P. hengyangensis are characterized by a closed circular basin; however,
the third lobe of m3 in P. maldani and P. gaudryi is composed mainly of a crest
connecting the middle of the posterior wall of the hypolophid to the hypoconulid. The
crest then turns lingually to meet the entoconid, which is the condition commonly seen in
the primitive equids. P. hengyangensis also differs from P1maldani and P. gaudryi in
having a more lophodont protoloph and metaloph, and metalophid more labially
connected with the posterior wall of the hypolophid, instead of with the metastylid as in
the latter two.
Compared with early tapiroids, P. hengyangensis is about the same size as C.
radinskyi and smaller than H. wutuensis. However, its lower molars are much narrower
than those of C. radinskyi. The lophodont protolophid and hypolophid, and the labially
connected metalophid in P. hengyangensis are features similar to those of the primitive
tapiroids, such as H. wutuensis and C. radinskyi. P. hengyangensis differs from these
primitive tapiroids in having the metalophid connected with the posterior wall of the
hypolophid more lingually. However, the basic dental morphology mentioned above for
P. hengyangensis is more similar to that of tapiroids rather than equids.
The materials for early chalicotheres are very rare. Only one species, Paleomoropus
jepseni from early Wasatchian lower Gray Bull beds (Radinsky, 1964) or the middle
Wasatchian (Gingerich, 1991), has bear reported so far. The type specimens include left
Ml and M3 and right M2. Unfortunately, no additional information about the lower
molars has been reported. According to Radinsky (1964, p. 5) the upper molar of P.
jepseni possesses a distinct protoconule on the protoloph and a high, uninterrupted
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metaloph, which is a combination of molar cusp features found only in the superfamily
Chalicotherioidea, and the m3 has a large hypoconulid based on a large wear facet on the
posterior side of the M3 hypocone. He also pointed out that "the basic molar pattern of
chalicotherioids is quite different from that of other hippomorphs", and that "resemblance
to tapiroids is most striking in the earliest chalicotheres, which have relatively narrow and
undeveloped ectolophs and long transverse shearing lophs" (Radinsky, 1964, p. 5). He
emphasized that "the basic chalicothere molar pattern is actually no more similar to that of
other hippomorphs than it is to the ceratomorph molar pattern" (Radinsky, 1964, p. 5).
These descriptions bring P. hengyangensis immediately to mind. The lower molars of P.
hengyangensis possess more lophodont protolophs and metalophs, similar to the tapiroid
than to the hippomorphs. Further comparison of P. hengdongensis with the late Eocene
chalicothere Litolophus gobiensis reveals a striking similarity of dental morphology in
their lower molars. The metalophid of P. hengyangensis, extending from the posterior
wall of the hypolophid more lingually than that of tapiroids and more labially than that of
hippomophs, is quite similar to that of the chalicothere. A closed, circular basinlike third
lobe of m3 is also similar to that of L. gobiensis. Li et al. (1979, p. 74) emphasized that
one of most interesting features in P. hengyangensis is a long diastema before p2 , which
they suggested is the result of either a lack of pi (most likely) or a break in the specimen
at that position. They indicated that almost all species, including two species of
Pmpachynolophus (Savage et al., 1965), of the family Palaeotheriidae possess pi, with
only one exceptional report on the possible absence of pi in Pmpachynolophus by
Teilhard de Chardin (1922). They considered that the absence of pi in their specimen
indicates that P. hengyangensis belongs to the genus Pmpachynolophus. In the early
chalicotheres, Gmngeria gobiensis and Schizotherium avitum, the absence of pi is
common and characteristic (Colbert, 1934; Lucas and Schoch, 1989). G. gobiensis also
possesses a long diastema between P 1 and P2. The absence of pj, if so, in P.
hengyangensis indicates that it probably represents an early Eocene chalicothere, and that
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it is more primitive than Pateomompus jepseni due to its much smaller size. It is also
possible that a long diastema between pi and P2 occurred in the early chalicotheres.
Recent study of the primitive perissodactyls places Paleomoropus with the lophiodonts as
a group separate from both chalicotheres and tapiroids (Hooka-, 1984,1989; Prothero
and Schoch, 1989a, b; Schoch, 1989; Savage et al., 1966). The authors emphasize on
one hand the close affinity of the chalicotheres and lophiodonts, and on the other hand,
that the lophiodonts converge on tapiroids in many features. The lower molars of P.
hengyangensis suggests a possible close relationship with chalicotheres.
c. Early Eocene perissodactyls of Asia and the origin and early evolution of
perissodactyls
The early Eocene is an important time in mammalian evolutionary history. Many of
the modem orders first appeared at the beginning of that epoch and diversified during that
time. Perissodactyls form one of the major groups in the early Eocene mammalian fauna.
Three major groups of perissodactyls, the equids, the tapiroids, and the chalicotheres,
appeared almost at the same time in the early Eocene in North America (Radinsky, 1964,
1965,1966b, 1969). Fossils of the equids represented by Hymcotherium and of
tapiroids represented by Cardiolophus and Homogalax are both plentiful and diversified
at the specific level in the Wasatchian fauna (McKenna, 1960; Gingerich, 1991;
Radinsky, 1963,1966a;Schiebout, 1974). The chalicotheres were previously
represented only by one species, Paleomoropus jepseni. The equid Hyracotherium and
the chalicothere Lophiaspis occur in the early Eocene Spamacian fauna in Europe. Early
Eocene perissodactyls are much less abundant in Asia than they are in North America
and Europe.
As discussed herein, the previously known Asiatic species Hyracotherium gabuniai
and Propachynolophus hengyangensis are no longer considered to be equids; therefore
the equids probably did not exist in Asia at the beginning of the Eocene. Instead, the
tapiroids are well represented by the least derived forms Orientolophus and Homogalax.
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Chalicotheres are probably represented by "Propachynolophus" hengyangensis. The
Asiatic early Eocene perissodactyls would then be represented by Orientolophus
hengdongensis, 10. gabuniai, lO. namadicus, Homogalax wutuensis, and
"Propachynolophus”hengyangensis.
The origin of the Perissodactyla has long been considered as the best documented in
the mammals. Dental morphology led Radinsky (1966b, p. 408) to propose that
"perissodactyls were derived from the condylarth family Phenacodontidae", a group of
small to medium sized archaic omnivores and herbivores. According to Radinsky
(1966b) the oldest true phenacodontid condylarth is represented by the genus
Tetraclaenodon, which first appeared in the middle Paleocene, and by the beginning of
the late Paleocene radiated into three main groups represented by Phenacodus, Ectocion,
and an as yet unknown proto-perissodactyl. Although there are no known intermediates
between Tetraclaenodon and the early Eocene genus Hyracotherium considered by him to
be the most primitive known perissodactyl, he suggested that Tetraclaenodon may be
directly ancestral to perissodactyls, because "Tetraclaenodon is the most advanced form
which is still unspecialized enough to given rise to Hymcotherium" and because of "the
absence of evidence to the contrary" (Radinsky, 1966, p. 408). In a later paper,
Radinsky (1969, p. 308) suggested that "Hymcotherium displays the most primitive
molar pattern, and illustrates the central type from which all other perissodactyl molar
patterns may be derived". This idea is supported by several authors (Sloan, 1970;
Gingerich, 1976). Later hypotheses suggested that "perissodactyls, arsinoitheres, and
tethytheres were much more closely related to each other than they were to
phenacondonts" (Prothero and Schoch, 1989a, p. 510) based on cladistic analysis of
ungulates (McKenna and Manning, 1977; Hooker, 1984,1989; Prothero et al, 1988;
Prothero and Schoch, 1989a, 1989b). The discovery of Radinskya yupingae, a late
Paleocene phenacolophid from Asia (McKenna, et al., 1989), provided the evidence that
"may place arsinoitheres nearer to perissodactyls" (Prothero and Schoch, 1989, p. 510).
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Comparison of the most primitive tapiroid species Orientolophus hengdongensis with R.
yupingae reveals some shared derived similarities, such as the partial fusion of the
hypocone and metaconule of M 1 and M2. It is also suggests that the perissodactyls might
originate in Asia. As reviewed herein, the early Eocene Asiatic perissodactyls probably
include only ceratomorphs and ancylopods. If so, the new Asiatic discoveries raise
questions about how to choose the outgroup and how to define and polarize the
characters when studying the origin of perissodactyls.
Mammalia, Order indet
Didymoconidae Kretzoi, 1943
Genus Hunamctis Li, Chiu, Yan, and Hsien, 1979
Species Hunanictis inexpectatus Li, Chiu, Yan, and Hsien, 1979
This species was first reported by Li et. al. (1979) based on an anterior part of a skull
(IVPP V-5350) with right tooth row, in which most of the teeth crowns were not
presaved. According to Li a al., (1979), it is similar to Ardynictis furunculus in size,
dental formula, and basic morphology, but differs from the latter in having a smaller
protocone of P3 and smaller para- and metastyles, indicating that it is more primitive than
the latter. There have been no new materials found since the first report.

CHAPTER H
PALEOCENE AND EARLY EOCENE
GEOCHRONOLOGY AND BIOSTRATIGRAPHY OF ASIA

110

Ill

INTRODUCTION
Correlation of theHengdong fauna with its correspondents was originally designed to
be an important component of Chapter I of this dissertation. As my work developed, I
realized that the correlation involves not only Eocene faunas, but also those of the
Paleocene. Discoveries of Paleocene and early Eocene mammal fossils in China and
Mongolia in the past two decades have led to a tremendous improvement in
understanding early mammalian evolution in Asia. Using the new data, Li and Ting
(1983), Savage and Russell (1983), Russell and Zhai (1987), and Dashzeveg (1988)
recently proposed a stratigraphic correlation for the Asian faunas. Li and Ting (1983)
suggested a tentative "Chinese Provincial Age" based on mammals in their correlation
table. Russell and Zhai (1987) named some of Asiatic land mammal ages. Those
publications, however, are mainly summaries and give no further definition and
descriptions. I propose in Chapter II to establish Asian Paleocene and early Eocene
geochronologic and biostratigraphic units based on fossil mammals under the principles
and requirements of the International Stratigraphic Guide (ISG; Hedberg, 1976), with
references to the North American Stratigraphic Code (NASC; North American
Commission on Stratigraphic Nomenclature, 1983), and to provide a background for
worldwide correlation. The definition and characterization are patterned on Archibald et
al. (1987) and Woodbume's (1987a, b) work on North America in the interests of
consistency.
The geochronologic unit was only introduced in general in ISG, in which the
emphasis is on the differences of the term "Chronostratigraphic unit", interval of rock
strata, and "Geochronologic unit", interval of geologic time. However, it was defined
and characterized clearly in NASC. The definition and the nomenclature of
geochronologic units will be based on NASC in this dissertation (1983, p. 869):
a.

"Geochronologic units are divisions of time traditionally distinguished on the basis

of the rock record as expressed by chronostratigraphic units".
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b. "A geochronologic unit is not a stratigraphic unit, but it corresponds to the time
span of an established chronostratigraphic unit, and its beginning and ending corresponds
to the base and top of the referent".
c. "Names for periods and units of lower rank are identical with those of the
corresponding chronostratigraphic units".
d. "Rules of capitalization for chronostratigraphic units apply to geochronologic
units".
e. "The adjectives Early, Middle, and Late are used for the geochronologic epochs
equivalent to the corresponding chronostratigraphic Lower, Middle, and Upper series,
where these are formally established".
Biostratigraphic units are well defined and described in both ISG and NASC, in
which a biostratigraphic unit is a body of rock defined or characterized by its fossil
content. The basic biostratigraphic unit is a "biozone" (a short alternative term for
biostratigraphic zone), for which the definition and the classification are different in ISG
and NASC. ISG classifies four biozones, Assemblage-Zone, Range-Zone, Acme-Zone,
and Interval-Zone. However, NASC proposed three biozones, Assemblage Zone,
Abundance Zone (Acme-Zone in ISG), and Interval Zone (Range-Zone and Interval-Zone
in ISG). The definition and the description of Interval Zone in NASC is clearer and more
succinct. Therefore, the classification of the biozones in this paper will be based on
NASC. An assemblage zone is defined as "a biozone characterized by the association of
three or more taxa" (NASC, 1983, p. 862). An abundance zone is "a biozone
characterized by quantitatively distinctive maxima of relative abundance of one or more
taxa" (NASC, 1983, p. 863). An interval zone is the "body of strata between two
specified, documented lowest and/or highest occurrences of single taxa" (NASC, 1983,
p. 862).
Land mammal fossils have long been used as a major tool in the Cenozoic terrestrial
deposits because they evolve and disperse rapidly, and the mammal ages are practical in
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the Cenozoic stratigraphic correlation. The Wood Committee (1941) proposed a series of
provincial land mammal "ages" based on the classic sequence of mammal faunas of North
America, which have been used in worldwide correlation. North American mammalian
paleontologists have recently established the biostratigraphic zones based on the
principles of the NASC, and gathered the newest supporting data, including radioisotopic
and magnetostratigraphic dating to redefine the Wood Committee "ages" in a monograph
entitled "Cenozoic Mammals of North America" [Woodbume (ed.), 1987]. Additional
revision of the Wasatchian has also been published (Gingerich, 1989b). Cenozoic
stratigraphic correlation in Europe is based mainly on marine invertebrates and plants
incorporated with radioisotopic and magnetic methods. The age of mammal bearing
strata are recognized mainly through physical interfingering of marine and nonmarine
strata. The Asiatic Cenozoic mammals are distributed mainly in terrestrial deposits and
most of the mammal bearing sediments are unconstrained radioisotopically. Therefore,
fossil mammals have become the primary tools in biostratigraphic correlation and
subdivision of Asiatic Cenozoic deposits. Establishing Asiatic Paleocene and early
Eocene land mammal ages and biostratigraphic zones will increase precision in
stratigraphic correlation. The focus of this chapter will be on the early Eocene mammal
age and zonation, in which the Hengdong fauna is involved.
ASIAN PALEOCENE LAND MAMMAL AGES
The Asiatic Paleocene mammals had long been known only from the Gashato fauna
of Mongolia (Matthew and Granger, 1925a). The discoveries of Paleocene faunas in
China and Mongolia in the past two decades have tremendously increased our knowledge
of the early evolution of mammals in that continent (Dashzeveg, 1988; Chow and Zheng,
1980; Zheng and Qiu, 1979). The Asian Paleocene can be subdivided into early-middle,
late, and latest Paleocene, based on the fossil mammals. The early-middle Paleocene
strata are distributed in central and southern China, including Shanghu Formation of
Nanxiong Basin of Guangdong Province, Shizikou Formation of Chijiang Basin of
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Jiangxi Province, Zaoshi Formation of Chaling Basin of Hunan Province, Wanghudun
Formation of Qianshan Basin of Anhui Province, Gaoyugou Formation of Tantou Basin
of Henan Province, and Fangou Formation of Shimen Basin of Shaanxi Province. The
late Paleocene strata are distributed in both north and south China, including Taizicun
Formation of Turpan Basin of Xinjiang Region, Dazhang Formation of Tantou Basin of
Henan Province, Doumu Formation of Qianshan Basin of Anhui Province, Chijiang
Formation of Chijiang Basin of Jiangxi Province, and Nongshan Formation of Nanxiong
Basin of Guangdong Province. The latest Paleocene strata are distributed in both
Mongolia and China, including Khashat (Gashato) Formation of Ulan Nur Baisn, Naran
and Zhigden members of Naran Bulak Formation of Nemegt Basin, and Naran
Formation of Bugintsav Basin in Mongolia; and Bayanulan Formation and Nomogen
Formation of Nomogen (Naomugen) area of Inner Mongolia (Neimonggol Region), and
Shuangtasi Formation of Xuancheng Basin of Anhui Province, in China (Fig. 16).
Three mammal ages are proposed and, from the oldest to the youngest, they are
Shanghuan Mammal Age, Nongshanian Mammal Age, and Gashatan Mammal Age.
These mammal ages are defined as time spans presented by the mammal faunas that
occur during the time between the first appearance of one taxon and the first appearance
of another taxon. Two biozones within the Shanghuan Mammal Age, three within the
Nongshanian Mammal Age, and one in the Gashatan Mammal Age will be suggested.
These zones are Interval Zones defined by the successive first appearances (or lowest
occurrences) of two related or unrelated taxa. The boundaries of these zones are defined
by the lowest occurrence of a single taxon. The zones are named after a first-appearance
species, which indicates an important evolutionary event of early mammals, in this zone.
Shanghuan Mammal Age
"Shang-hu" is the name of a small village in the Nanxiong Basin, Guangdong
Province, China. Zhou et al. (1977) first used the tom "Shanghu" to name the earlymiddle Paleocene strata ("Shanghu Member" of the Lofozhai Formation) where the
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fossil mammals were found. Tong et al. (1976) proposed "Shanghu Formation"
replacing "Shanghu Member" to represent the early-middle Paleocene strata in the
Nanxiong Basin. Li and Ting (1983) suggested the tom "Shanghuan" to represent a
tentative Chinese Provincial Age in their correlation table, however, no definition nor
description were given. The "Shanghuan Age" straddled the line between early and
middle Paleocene in their table. In this papa11 suggest continued use of the term
"Shanghuan" to represent the Asiatic early-middle Paleocene land mammalian age, the
Shanghuan Mammal Age. It is the first Asian land mammal age of the Cenozoic Era.
Cretaceous/Shanghuan boundary
The Cretaceous mammalian fossils from the Gobi Desert of Mongolia have long been
important sources in understanding the Asian pre-Cenozoic mammals. These fossils
have been intensively studied by American, Polish, Russian, and Mongolian
paleontologists. However, no early-middle Paleocene mammals have been found, so far,
in that region. The Cretaceous/Tertiary boundary is well indicated in two Chinese basins,
the Nanxiong Basin of Guangdong Province, and the Qianshan Basin of Anhui Province,
since the continuous terrestrial deposits from the late Cretaceous to the late Paleocene are
well preserved in these basins. Young and Chow (1962) first suggested that the "Red
Beds" of the Nanxiong basin include both late Cretaceous and early Tertiary deposits,
based on the discoveries of a few dinosaurian foot bones and an anterior portion of
carapace and plastron of a new anosteirine turtle, Anosteira lingnanica. Chang and Tung
(1963) subdivided the Nanxiong red beds into the late Cretaceous Nanxiong (Nanhsiung)
Group and the Paleocene Lofochai Formation, based on new finds of mammals, dinosaur
eggs, and turtles, and indicated that the Lofochai Formation overlies the Nanxiong Group
disconformably. Cheng et al. (1973) subdivided the Lofochai Formation into the Upper
Member and the Lower Member and proposed the term "Nanxiong Formation" to replace
"Nanxiong Group". Zhou et al. (1977) suggested the term "Shanghu Member" in place
of "Lower Member", and "Nongshan Member" to replace "Upper Member of Cheng et
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al. (1973)". Tong et al. (1976) proposed the "Shanghu Formation" and "Nongshan
Formation" for "Shanghu Member" and "Nongshan Member" of Zhou et al. (1977),
respectively. Sloan (1987) used the terms, the lowest zone, the second zone, the third
zone, and the fourth and highest zone, for the subdivision of his Shanghuan stage. A
unique character of the basin is that the dinosaurs and their egg shells are found only in
the Nanxiong Formation and never in the Shanghu Formation with the mammals (Chang
and Tung, 1963; Chow, et al., 1973). Based on traditional criteria for terrestrial
deposits, disappearance of the dinosaurs indicates the end of the Cretaceous. The
Cretaceous/Tertiary boundary in the Nanxiong Basin has been considered to lie between
the Nanxiong Formation and the Shanghu Formation in all above publications. Sloan
(1987, p. 186) suggested that "the base of Shanghu Formation and the Shanghuan Age is
Tol (the earliest zone of Torrejonian)" and that "dinosaurs survived into the Puercan
equivalent of South China". He considered that the upper part of the Nanxiong Group,
which yielded the dinosaur egg shells, represents the early Tertiary equivalent of the
North American Puercan Mammal Age. Recently Zhao et al. (1991, p. 3,14) offered the
first magnetostratigraphic data on the red beds in the Nanxiong basin, considering the
Cretaceous/Tertiary boundary to lie at "20 m above the base of the Shanghu Formation".
However, they suggest selecting the lithologic boundary as the CretaceousTTertiary
boundary, since it is difficult to define the precise position of 65 my in their section, and
the lithologic boundary is clear, stable and very close to 65 my. The lithologic boundary,
in an argillaceous siltstone, of the Cretaceous and the Tertiary is between the Pingling
Formation (upper part of Nanxiong Group) and the Shanghu Formation, which is almost
at the top of the 29R polarity zone. Since no further evidence proves the upper part of the
Nanxiong Group to be early Tertiary in age, the Cretaceous/Tertiary boundary is
estimated to be at or near the boundary between the Nanxiong Group and the Shanghu
Formation. According to Qiu et al. (1977), the Cretaceous/Tertiary boundary in the
Qianshan Basin is between the Wanghe and the Wanghudun formations. No
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magnetostratigraphic and radioisotopic data have been reported so far from the Qianshan
Basin.
The beginning of the Shanghuan is recognized by the first appearance of the order
Pantodonta. The lowest occurrence of Pantodonta is represented by species Bemalambda
nanhsiungensis and B. pachyoesteus from the Shanghu Formation of the Nanxiong
Basin.
Definition and Characterization
The Shanghuan Mammal Age is defined as including the faunas that occur during the
time between the first appearance of the Order Pantodonta, represented by Bemalambda,
and the first appearance of the Order Arctostylopida, represented by Asiostylops. It is
characterized by the following features.
(a) First appearances of the Order Pantodonta, Anagalida, Condylarthra, and Acreodi.
Pantodonta was represented by the Family Bemalambdidae with genus Bemalambda. It
soon diversified to include the new family Archaeolambdidae. Bemalambda is very
common in the early-middle Paleocene strata and is confined to them. Anagalida is an
Asian endemic form represented by two families, Anagalidae and Pseudictopidae.
Condylarthra is represented by the family Hyopsodontidae. Acreodi is represented by the
family Mesonychidae.
(b) First appearance of the Order Carnivora, represented by miacids.
(c) First appearance of possibly the most primitive Omomidae primate, Diacronus
ahhuiensis.
(d) First appearance of the Family Didymoconidae, an Asian endemic form. The
family is represented by the most primitive species Zeuctherium niteles.
(e) First appearance of the Family Euiymylidae, the nearest relative to rodents, and
the Family Mimotonidae, the nearest relative to lagomoiphs.
(f) Last occurrence of Bemalambdidae pantodonta.
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(g)

Characteristic fossils include Bemalambda, Altilambda, Hukoutherium,

Yantanglestes, Huaiyangale, and Anictops.
Zonation
I recognize two interval zones within the Shanghuan Mammal Age (Fig. 17). From
the oldest to the youngest, they are the Bemalambda Interval Zone, defined by two of the
first appearances of related taxa, and the Archaeolambda Interval Zone, defined by two of
the first appearances of unrelated taxa.
Bemalambda Interval Zone
This zone is defined here to include the faunas that occur during the time between the
first appearance of Bemalambda and the first appearance of Archaeolambda. It is
characterized by the following features:
(a) First appearance of the Order Pantodonta, represented by the family
Bemalambdidae. The family was represented by two species of Bemalambda, B.
nanhsiungensis and B. pachyoesteus.
(b) First appearance of the Order Anagalida, represented by two families, Anagalidae
and Pseudictopidae. About four species of Anagalidae, Wanogale hodungensis,
Chianshania gianghuaiensis, Anaptogale wanghoensis, and Linnania bfoensis, and three
species of Pseudictopidae, Cartictops canina, Anictops tabiepedis, and Panmictops sp.,
abruptly appeared in this zone.
(c) First appearance of the Hyopsodontidae (condylarths), represented by two
species, Yuodon protoselenoides and Palasiodon siurenensis.
(d) First appearance of the Mesonychidae, a group considered to be related to whales.
It is represented by four species, Yantanglestes conenxus, Y. feiganensis, Dissacusium
shanghoensis, and Hukoutherium ambigum. Y. conenxus is the most primitive known
mesonychid.
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Figure 17. Asian Paleocene and Early Eocene biostratigraphic zonation
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(e) Characteristic fossils include Bemalambda nanhsiungensis, Yantanglestes
conenxus, Y. feiganensis, Hukoutherium ambigum, H. shimenensis, Anictops
tabiepedis, Wanogale hodungensis.
(f) Related faunas
The faunas belonging to this zone are best known from the lower part (or lower three
fossil layers of Zhou et al., 1977) of the Shanghu Formation of the Nanxiong Basin of
Guangdong Province and the Lower Member of the Wanghudun Formation of the
Qianshan Basin of Anhui Province (Qiu et al., 1977), and also from the lower part of the
Fangou Formation of the Shiman Basin of Shaanxi Province (McKenna et al., 1984).
Zhou et al. (1977) recognized four mammal bearing beds (zones) of the "Shanghu
Member" of the "Lofochai Formation", the lower (maximum thickness 281 m), the
middle (maximum 320 m), the upper (maximum 234 m), and the uppermost (thickness
uncertain because of coverage). The lower and middle beds are the main fossil bearing
beds. They are continous in the stratigraphic sequence and much the same in faunal
composition. The species in the lower bed include Bemalambda nanhsiungensis, B.
pachyoesteus, Yuodon protoselenoides, Palasiodon siurenensis, and Dissacusium
shanghoensis; in the middle, B. nanhsiungensis, B. pachyoesteus, Linnania lofoensis,
Yantanglestes feiganensis, Hukoutherium ambigum, and lEaoconus sp.\ in the upper,
B. nanhsiungensis', and in the uppermost, B. crassa and Lofochaius brachyodon. The
lower, middle, and upper beds belong to this zone. The uppermost bed will be discussed
in the following section. Zhou et al. (1977, p.

88)

suggested that the Shanghu fauna

"can well be correlated with one of the Torrejonian stage" and "especially its lower zone,
may range down to the beginning of the Middle Paleocene, or even earlier". They also
mentioned that "the three lower fossil layers may be close to the Dragonian stage"
(Zhou et al., 1977, p. 9). Lou suggests that it may be possible that the base of the
Shanghu Formation is compatible to the North American Puercan, based on his current
studied condylarths from Iowa 1part of Shanghu Formation (pers. comm, with Z. X.
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Lou, 1995). Qiu et al. (1977) subdivided the Wanghudun Formation into the Lower
Member (maximum thickness about 1000 m) and the Upper Member. No fossils have
been found in the interval deposits about 300 m thick between the Lower Member and the
Upper Member. The Lower Member belongs to this zone and the Upper Member will be
discussed in the following section. The species from the Lower Member include
Anchilestes impolitus, Wanogale hodungensis, Anaptogale wanghoensis, Chianshania
gianghuaiensis, Cartictops canina, Anictops tabiepedis, Paranictops sp., Yantanglestes
conenxus, and Bemalambda sp. (Qiu, 1977; Qiu and Li, 1977; Xu, 1976a). Plethorodon
chienshanensis (Huang and Zheng, 1987) and Astigale wanensis (Zhang and Tong,
1981), were recently reported. Qiu et al. (1977) suggested that the Wanghudun
Formation is middle Paleocene, and that the fauna from the Lower Member differs from
that of the Upper Member and might be early Paleocene since there is a barren interval
between the Lower and the Upper. McKenna et al. (1984) recognized two fossil bearing
beds from the Fangou Formation, the lower and the upper. Among four species from the
lower part, Linnania sp. nov., Prosarcodon lonanensis, Hukoutherium shimenensis, and
Bemalambda indet., three are close to those of the lower part of the Shanghu Formation.
These indicate that the two faunas are compatible. P. lonanensis represents the most
primitive species of palaeoryctoid insectivore in Asia.
Archaeolambda Interval Zone
This zone is defined to include the faunas that occur during the time between the first
appearance of Archaeolambda, represented by a new species o f Archaeolambda ( Ting et
al., in press), and the first appearance of Arctostylopida, represented by Asiostylops
spanios. It is characterized by the following features:
(a) First appearance of archaeolambdid pantodont, represented by a new species of
Archaeolambda.
(b) First appearances of two new families, Eurymylidae represented by Heomys sp. ,
and Mimotonidae represented by Mimotona wana and M. sp.
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(c) First appearance of miacid carnivores, represented by three primitive species,
Pappictidops orientalis, P. acies, and P. obtusus (Qiu and Li, 1977; Wang, 1978).
(d) First appearance of a possibly ancestral omomid primate, Diacronus anhuiensis.
(e) First appearance of the most primitive species of didymoconid, Zeuctherium
niteles.
(f) Last occurrence of Bemalambdidae.
(g) Characteristic fossils include Bemalambda shizikouensis, Hypsilolambda
chalingensis, Archaeolambda sp. n., Mimotona warn, Pappictidops orientalis, ?Dissacus
rotundus, Huaiyangale chianshanensis, Zeuctherium niteles, Altilambda pactus, A.
tenuis, Meiostylodon zaoshiensis, and Harpyodus euros.
(h) Related faunas
The faunas belonging to this zone are best known from the Upper Member of
Wanghudun Formation of the Qianshan Basin of Anhui Province and the upper part
(uppermost bed of Zhou et al (1977) of the Shanghu Formation from Nanxiong Basin of
Guangdong Province. Faunas from the following strata are also referred to this zone:
Shizikou Formation of Chijiang Basin of Jiangxi Province, Zaoshi Formation of Chaling
Basin of Hunan Province, and Gaoyugou Formation of Tantou Basin of Henan
Province.
The Upper Member (500 m in thickness) of the Wanghudun Formation is the major
fossil bearing bed in the Qianshan basin. The contained species include Eosigale
gujingensis, Qipania yui, Huaiyangale chianshanensis, Diacronus wanghuensis, D.
anhuiensis, Heomys sp, Mimotona wana, Anictops tabiepedis, Paranictops majuscula,
Pappictidops orientalis, Decoredon elongetus, Altilambda pactus, A. tenuis, Harpyodus
euros, Plethorodon chienshanensis, Zeuctherium niteles, and Obtususdon hanhuaensis
(Hu, 1993; Li, 1977; Qiu, 1977; Wang, 1976,1979; Tang and Yan, 1976). Qiu et al.
(1977) suggested that the fauna from the Upper Member of the Wanghudun Formation is
middle Paleocene. The upper part of the Shanghu Formation, as mentioned before,

124
yields the first known species of Archaeolambda and two other species, Bemalambda
crassa and Lqfochaius brachyodon. B. crassa is more advanced than B. nanhsiungensis.
Zhou et al. (1977, p. 7) proposed that the uppermost fossil "zone" is "apparently distinct
from the others and may represent a fauna zone or even a fauna of younger age",
because the mammal species in the uppermost bed are absent in the lower three. A new
species of Archaeolambda recently has been found from this layer (Ting et al., in press).
Archaeolambda is a common genus in the Asian late Paleocene deposits, which has never
been found in the early-middle Paleocene before. It first appeared in the uppermost bed
of the "Shanghu Member", further supporting Zhou's suggestion that the faunas in the
uppermost bed may be recognized as another zone, which is here named the
Archaeolambda Interval Zone. Two species are known from the Shizikou Formation,
Bemalambda shizikouensis and Archaeolambda indet. B. shizikouensis is more
advanced than B. nanhsiungensis in being larger and in having a higher degree of
molarization of the premolars. The Shizikou faunal composition is similar to that of the
upper part of the Shanghu Formation and they are compatible. At least six species are
known from theZhaoshi Formation (53 m in thickness), Stenanagalexiangensis,
IDissacus rotundus, Meiostylodon zaoshiensis, Bemalambda nanhsiungensis,
Hypsilolambda chalingensis, and H. impensa (Wang, 1975). This fauna is characterized
by the more diversified pantodonts. Hypsilolambda possesses more derived features
than Bemalambda in having a bifurcated parastyle and metastyle and more development
of the paracone and metacone. IDissacus rotundus is more advanced than Yantanglestes
conenxus from the Bemalambda Interval Zone. Gao (1975) suggested that the Zaoshi
fauna is late middle Paleocene and comparable to the fauna from the Upper Member of
the Wanghudun Formation. The one species from the upper part of the Fangou
Formation (McKenna et al., 1984) and the two from the Gaoyugou Formation have not
been fully discussed. I tentatively group them in this zone based on their relative
stratigraphic position.
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Nongshanian Mammal Age
"Nong-shan" is the name of a small hill in the Nanxiong Basin, Guangdong
Province, China. It was first used by Zhou et al. (1977) to name a stratum, the
"Nongshan Member", overlying the lower "Shanghu Member" of the Paleocene
"Lofochai Formation". They considered the Nongshan Membra1as ?late Paleocene.
Tong et al. (1976) proposed "Nongshan Formation" for the same strata to represent the
late Paleocene deposits in the basin where they found a well preserved mammalian
fossils. Li and Ting (1983) suggested usage of the term "Nongshanian" to represent the
tentative "Chinese Late Paleocene Provincial Age" in their stratigraphic correlation table;
however, no further definition and characterization were given. Sloan (1987) proposed
use of the tram "Gashatan" to represent the late Paleocene mammal age because of its
priority as a stage (age) name. I suggest continued use of the tram "Nongshanian" for the
late Paleocene mammal age, because it is separated in definition from the latest Paleocene
land mammal age, the "Gashatan", in this paper.
Shanghuan/Nongshanian boundary
Clear superposition of the late Paleocene strata over the early-middle Paleocne occurs
in three Chinese basins, the Nanxiong, Chijiang, and Qianshan. In the Nanxiong Basin,
the early-middle/late Paleocene boundary lies between the upper part of the Shanghu
Formation containing Shanghu fauna and the Zhuguikeng Membra of the Nongshan
Formation containing the Zhuguikeng fauna. The contact between the Shanghu
Formation and the Nongshan Formation is usually covered by the overburden. In the
Chijiang Basin, the early-middle/late Paleocene boundary is between the Shizikou
Formation, yielding the older Shizikou fauna, and the Lannikeng Membra of the Chijiang
Formation, yielding the Lannikeng fauna. The boundary is clearly exposed near a small
village, Tianxinli, where the bottom of the Lannikeng Membra of the Chijiang Formation,
a thick sandy conglomerate, disconformably overlies the Shizikou Formation at an
raosional surface (Tong et. al., 1976, p. 24). In the Qianshan Basin, the early-
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middle/late Paleocene boundary lies between the upper part of Wanghudun Formation
and the lower part of Doumu Formation (Qiu et al., 1977).
The beginning of the Nongshanian is recognized by the first appearance of the Order
Arctostylopida. The lowest occurrence of Arctostylopida is represented by the species
Asiostylops spanios from the Chijiang Formation of the Chijiang Basin.
Definition and Characterization
The Nongshanian Mammal Age is defined here as a time span including the faunas
that occur during the time between the first appearance of the Order Arctostylopida,
represented by Asiostylops, and the first appearance of the Order Rodentia, represented
by Tribosphenomys (Meng et al., 1994). It is characterized by the following features:
(a) First appearance of the Orders Arctostylopida and Dinocerata.
(b) Abundance of Archaeolambdidae and Phenacolophidae. A new, most primitive
Archaeolambda species has recently been found in the early-middle Paleocene Shanghu
Formation (Ting et al. in press). The archaeolambdids are very common and diversified
in the late Paleocene strata, including at least seven species of three genera,
Archaeolambda, Nanlingilambda, and Dilambda (Tong, 1979a, 1982). Phenacolophidae
are common and diversified in the late Paleocene strata in Asia. There are seven species
of four genera, Ganolophus, Minchenella, Tienshanilophus, and Yuelophus.
(c) Appearance of Emanodontidae, represented by Emanodon antelios.
(d) The faunal differences between northern and southern Asia. Multituberculata and
Dinocerata did not occur in southern Asia.
(e) Characteristic fossils include Emanodon, Hsiuarmania, Allictops, Pseudictops,
Heomys, Momotona, Dissacus, Asiostylops, Allostylops, Sinostylops, Bothriostylops,
Archaeolambda, Nanlingilambda, Altilambda, Harpyodus, Minchenella, Ganolophus,
Tienshanilophus, Radinskya, Prodinocems, and Archaeoryctes.
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Zonation
I recognize three interval zones within the Nongshanian Mammal Age. From the
oldest to the youngest, they are the Asiostylops Interval Zone, defined by two of the first
appearances of related taxa; Sinostylops Interval Zone, defined by the two of the first
appearances of unrelated taxa; and Dinocerata Interval Zone, defined by the two of the
first appearances of unrelated taxa.
Asiostylops Interval Zone
This zone is defined here to include the faunas that occur during the time between the
first appearances of the Order Arctostylopida, represented by Asiostylops spanios, and
the first appearance of Sinostylops, represented by S. promissus. This zone is
characterized by the following features:
(a) First appearances of the Order Arctostylopida, represented by the most primitive
species Asiostylops spanios, and the Family Phenacolophidae Ganolophus lanikenensis.
(b) Maximum of archaeolambdid pantodonts. Archaeolambdids are veiy common in
the late Paleocene strata. They abruptly diversified in this zone after their first appearance
in the early-middle Paleocene, including three species of three genera, Archaeolamba
dayuensis, Dilambda zhuguikengensis, and Nanlingilambda chijiangensis.
(c) Appearances of advanced Asian endemic forms, Anagalidae and Pseudictopidae.
Anagalidae is represented by Hsiuannania tabiensis and H. minor. Pseudictopidae is
represented by Allictops inserrata and cf. Pseudictops tenuis.
(d) Characteristic fossils include Asiostylops spanios, Hsiuannania minor, H.
tabiensis, Mimotona robusta, Allictops inserrata, Archaeolambda dayuensis,
Nanlingilambda chijiangensis, Ganolophus lanikenensis, Archaeoryctes notialis, and
Harpyodus decorus.
(e) Related faunas
The earliest Nongshanian fauna is best known from the Lannikeng Member of the
Chijiang Formation of Chijiang Basin, Jiangxi Province. It is also known from the
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Zhuguikeng Member of Nongshan Formation of Nanxiong Basin, Guangdong Province;
from the Lower Member of Doumu Formation of Qianshan Basin, Anhui Province; and
probably from the Dazhang Formation of Tantou Basin, Henan Province.
Tong et al. (1976,1979) subdivided the Chijiang Formation to include two members,
the lower Lannikeng Member and the upper Wangwu Member. The species in the
Lannikeng Member (156.6 m) of the Chijiang Formation include Insectivora indet.,
Hsiuannania minor, cf. Pseudictops tenuis, Asiostylops spanios, Hyopsodontidae indet,
Pseudanisonchus antelios, Arachaeolambda dayuensis, Nanlingilambda chijiangensis,
Harpyodus decorus, Ganolophus lanikenensis, and Archaeoryctes notialis. This fauna is
characterized by the appearances of the most primitive species of Arctostylopidae,
Asiostylops spanios, and Phenacolophidae, Ganolophus lanikenensis, and by the sudden
diversity of Archaeolambdidae. Archaeolambda in this zone is more advanced than that
in the early-middle Paleocene in being much larger. Four species, Hsiuannania tabiensis,
Mimotona robusta, Allictops inserrata, and Obtususdon hanhuaensis (Xu, 1977), from
the Lower Member (about 1000 m) of the Doumu Formation show that the fauna is
characterized by a prevalence of the Asian endemic forms. The species IPachyaena sp.,
Dilambda zhuguikengensis, and Phenacolophidae gen. et sp. nov., from the Zhuguikeng
Member of Nongshan Formation, show similarity to the Lannikeng fauna. Two species,
Pseudictops indet. and Pastoralodontidae indet., from Dazhang Formation (Tong and
Wang, 1979,1980) cannot be compared in detail at present. I tentatively group the
Dazhang Formation in this zone.
Sinostylops Interval Zone
This zone is defined here to include the faunas that occur during the time between the
first appearance of Sinostylops, represented by S. promissus, and the first appearance of
the Order Dinocerata, represented by Prodinoceras diconicus. It is characterized by the
following features:
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(a) First appearance of an advanced arctostylopid genus, Sinostylops, represented by
S. promissus.
(b) Diversity of Arctostylopida. After first appearing at the beginning of the late
Paleocene, the arctostylopids abruptly diversified in this zone, represented by five species
of three genera, including Sinostylops promissus, Bothriostylops notios, B. sp., and a
new unnamed species.
(c) Phenacolophidae is represented by Minchenella grandis and Yuelophus validus.
(d) Appearance of Heomys orientalis, which is considered as the most primitive
species of Eurymylidae, nearest relative to rodents.
(e) Appearance of a tillodont, Interogale datangensis, in which the distinctive feature
of thetillodont snout, enlarged second incisor, is well displayed.
(f) Appearance of Emanodontidae. The species Emanocon antelios is a well known
family representative.
(g) Appearance of adapid primates represented by Petrolemur brevirostre.
(h) Characteristic fossils include Emanodon antelios, Huaiyangale leura, Haltictops
mirabilis, Interogale datangensis, Altilambda pactus, A. minor, Minchenella grandis,
Yuelophus validus, Heomys orientalis, Mimotona wana, Sinostylops promissus,
Bothriostylops notios, Archaeolambda tabiensis, and Allostylops periconotus.
(i) Related faunas
The faunas belonging to this zone are best known from the Datang Member of
Nongshan Formation of Nanxiong Basin of Guangdong Province and the Upper Member
of the Doumu Formation of Qianshan Basin, Ahhui Province, and also from the Wangwu
Member of Chijiang Formation of Chijiang Basin, Jiangxi Province.
Tong et al. (1976) subdivided the Nongshan Formation into the lower, Zhuguikeng
Member (about 159.5 m thick), and the upper, Datang Member (about 149.2 m). The
species from the Datang Member include Emanodon antelios, Petrolemur brevirostre, cf.
Huaiyangale leura, Haltictops mirabilis, H. meilingensis, Interogale datangensis,
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Arctostylopidae gen. et sp. nov., Nanlingilambda sp., Altilambda pactus, A. minor,
Minchenella grandis, and Yuelophus validus. This fauna is characterized by the
appearance of an edentate like animal, Emanodon antelios, and adapid primate Petmlemur
brevirostre and by a diverse group of pastoralodontid and phenacolophid pantodonts.
The species from the Upper Member of the Doumu Formation include Hyracolestes
ermineus, Hsiuannania sp., Heomys orientalis, Mimotona wana, Sinostylops promissus,
and Archaeolambda tabiensis. Heomys orientalis shows derived features shared with
rodents. Munotona wana shows distinctive derived features shared with lagomorphs.
Four species, Jiangxia chaotoensis, Allostylops periconotus, Bothriostylops notios, and
B. sp., from the Wangwu Member of the Chijiang Formation show that the
Arctostylopidae were well diversified in this zone.
Dinocerata Interval Zone
This zone is defined here to include the faunas that occur during the time between the
first appearance of the Order Dinocerata, represented by Prodinoceras diconicus, and the
first appearance of the Order Rodentia, represented by Tribosphenomys minutus. It is
characterized by the following features:
(a) First appearance of the Order Dinocerata. Dinocerates abruptly appeared in this
zone and diversified, represented by four species of the most primitive genus
Prodinoceras, P. diconicus, P. tutfanense, P. primigenum, and P. simplum. Individuals
are also common.
(b) Multituberculata are represented by fragmentary materials.
(c) Abundance of Phenacolophidae. Phenacolophidae in this zone is represented by
three species of Tienshanilophus, T. subashiensis, T. lianmuqinensis, and T.
shengjingkouensis.
(d) This zone differs from the preceding one also in the appearance of the advanced
species Pseudictops chaii and Archaeolambda cf. planicanina.
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(e)

Characteristic fossils include Pseudictops chaii, Archaeolambda cf. planicanina,

Dilambda speciosa, Tienshanilophus subashiensis, t. lianmuqunensis,
T. shengjingkouensis, Prodinoceras diconicus, P. turfanense, and P. simplus.
(0 Related faunas
This zone is established on the fauna from the Taizicun Formation of Turpan Basin,
Xinjiang Province. The species in the fauna include Multituberculata indet.,
?Eurymylidae indet., Pseudictops chaii, Mesonychidae indet., Archaeolambda cf.
planicanina, Dilambda speciosa, Tienshanilophus subashiensis, T. lianmuqunensis, T.
shengjinkouensis, Prodinoceras diconicus, P. turfanense, P. primigenum, and P.
simplum. The fauna is characterized by the abundance and diversity of the dinocerates.
Tong (1978, p. 98) proposed that its composition is basically comparable to the Gashato
fauna and Naran Bulak fauna, or that it might be slightly older than the Gashato, because
some species in the Taizicun fauna are more primitive than those in the Gashato. Two
species of the Dinocerata, Prodinoceras diconicus and P. primigenum, in this fauna are
more primitive than P. martyr of the Gashato, the Naran and Zhigden Members of the
Naran Bulak Formation, and P. efremovi of the Bayan Ulan Formation, which indicates
that the Taizicun fauna is most likely slightly older than those faunas. The species of
Phenacolophidae of the Taizicun fauna, T. subashiensis, T. lianmuqinensis, and T.
shengjinkouensis, and the species of Archaeolambdidae, A. cf. planicanina, are more
advanced than those of the Datang fauna (Zhang, 1978; Tong, 1978), indicating that the
Taizicun fauna is slightly younger than the Datang fauna. The Taizicun fauna is here
tentatively considered as the youngest fauna of the late Paleocene Nongshanian Mammal
Age.

Gashatan Mammal Age
The name "Gashato" was first proposed by Matthew and Granger (1925a, p. 1) for a
series of "reddish and drab sediments", yielding an "interesting primitive mammalian
fauna", found in southern Mongolia. Matthew, Granger, and Simpson (1929) suggested

132
that the Gashato fauna is late Paleocene in age. Romer (1966, p. 335) proposed the term
"Gashatan Asiatic Age" to represent late Paleocene mammal age and the "Ulanbulakian"
to the early Eocene, but did not define them. He correlated the "Gashatan Asiatic Age" to
the North American Tiffanian and the European Thanetian; and the "Ulanbulakian" to the
North American Wasatchian and the European Ypresian, Spamacian, and Cuisian.
Szalay and McKenna (1971, p. 281) suggested that the Gashato fauna is "latest
Paleocene in age". They also refer Romer's "Ulanbulakian Asiatic Age" to the
"Gashatan". Li and Ting (1983) suggested the term "Bayanulanian" as a tentative
"Chinese Provincial Age" in their stratigraphic correlation table, in which "Bayanulanian"
straddled a line between the early Eocene "Lingchan" and the late Paleocene
"Nongshanian". However, no definition and characterization of the "Age" were given. I
suggest continued use of the term "Gashatan" to represent the Asiatic Latest Paleocene
Mammal Age because of the priority of the name.
The cooperative expeditions by the Academies of Sciences of the Union of Soviet
Socialist Republics and Poland with the Mongolian Academy of Science in 1960s and
1970s have largely increased our knowledge of the Gashato fauna since the fauna was
first discovered by the Central Asiatic Expeditions of the American Museum of Natural
History in 1920s. In recent years, a joint paleontological expedition of the American
Museum of Natural History and the Mongolian Academy of Science in southern
Mongolia led by M. C. McKenna and M. J. Novacek has tremendously increased the
collections in both quantity and quality. The Bayan Ulan fauna has not been fully
examined since the first brief report and is currently under study by Zhai (Qi, 1987). The
new materials from the Bayan Ulan have also been studied by Meng and Wyss (Meng et
al., 1994b) recently. Their work will be important in understanding the Gashatan
Mammal Age. The following discussion is mainly based on published references and the
further revision is expected.
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Nongshanian/Gashatan boundary
The Gashatan Mammal Age is best recognized from the Gashato and the Naran
faunas of Mongolia and by the Bayan Ulan fauna of China. The beginning of the
Gashatan is recognized by the first appearances of the order Rodentia and the family
Coryphodontidae (Pantodonta). The lowest occurrence of Rodentia is represented by
species Tribosphenomys minutus from the Bayan Ulan Formation. The lowest
occurrence of Coryphodontidae is represented by species Coryphodon tsaganensis from
the Naran Member of the Naran Bulak Formation of Nemegt Basin.
Definition and Characterization
The Gashatan Mammal Age was first defined by Szalay and McKenna (1971, p. 313)
as "the joint overlapping time ranges of Palaeostybps, Pseudictops, Prionessus, and
Eurymylus". Based on a recent report of a new species of rodents from the Bayan Ulan
fauna, I suggest defining the Gashatan Mammal Age as a time span to include the faunas
that occur during the time between the first appearance of the Order Rodentia, represented
by Tribosphenomys, and the first appearance of the Order Perissodactyla, represented by
Orientolophus. However, no rodents have been discovered in either Gashato or Naran
fauna so far. Further revision of this definition is expected. The Gashatan Mammal Age
is the latest Asian Paleocene land mammal age and is characterized by the following
features:
(a) First appearance of the Order Rodentia, represented by Tribosphenomys, and the
family Coryphodontidae (pantodont), represented by Coryphodon.
(b) Abundance and diversity of Multituberculata. The multituberculates are
represented by at least three genera, Prionessus, Lambdopsalis, and Sphenopsalis.
(c) Last occurrences of family Pseudictopidae and pastoralodontid pantodonts.
(d) Appearance of more advanced arctostylopid Palaeostytops.
(e) Characteristic fossils include Prionessus, Lambdopsalis, Praolestes,
Khashanagale, Pseudictops, Eurymylus, Dissacus, Plagiocristodon, Sarcodon,
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Hyracolestes, Palaeostytops, Gashatostylops, Pastomlodon, Convallisodon,
Coryphodon, Prodinoceras, and Tribosphenomys.
Zonation
Only one zone, Rodentia Interval Zone, is recognized within the Gashatan Mammal
Age at present. The zone is defined here including the faunas that occur during the time
between the first appearance of the Rodentia, represented by Tribosphenomys minutus,
and the first appearance of the Perissodactyla, represented by Orientolophus
hengdongensis. It is characterized by the following features:
(a) First appearance of the Order Rodentia, represented by Tribosphenomys minutus.
(b) First appearance of the family Coryphodontidae, represented by Coryphodon
tsaganensis.
(c) Last occurences of Pseudictopidae and Pastoralodontidae.
(d) Dinocerates are represented by more advanced forms, Prodinoceras efremovi and
P. martyr.
(e) Eurymylidae is represented by a more advanced species, Eurymylus laticeps.
(f) Arctostylopidae is represented by Palaeostybps iturus and Gashatostylops
macrodon.
(g) Characteristic fossils include Prionessus lucifer, Lambdopsalis bulb, Praolestes
nanus, Khashanagale zoflae, Pseudictops lophiodon, Eurymylus bticeps, Dissacus
magushanensis, D. indigenus, Pbgiocristodon serratus, Pachyaena nemegetica,
Sarcodon pygmaeus, Hyracolestes erminerus, Pabeostybps iturus, Bothriostylops
progressus, Gashatostylops macrodon, Archaeobmbda planicanina, A. yangtzeensis,
Pastoralodon bcustris, Convallisodon convesus, Coryphodon tsaganensis, Prodinoceras
efremovi, P. martyr, and Tribosphenomys minutus.
(h) Related faunas
This zone is best represented by the faunas from Member I of the Khashat (Gashato)
Formation, the Naran Member of the Naran Bulak Formation, and the Bayan Ulan
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Formation. The faunas from the Nomogen Formation, the Shuangtasi Formation, lower
part of the Lingcha Formation, and the Zhigden Member of the Naran Bulak Formation
are tentatively included here.
According to Dashzeveg (1982,1988), the late Paleocene and early Eocene strata in
the Nemegt Basin compose the Naran Bulak Formation. The formation is 80m thick and
can be subdivided into four members from the bottom to the top: the Zhigden (27 m) and
the Naran (30 m), representing the late Paleocene; the Bumban (20 m), the early Eocene;
and the Aguyt. In the Ulan Nur Basin the correlative strata are the Khashat (Gashato)
Formation, which is subdivided into Member I (Gashato fauna, 40 m thick) equivalent to
the Naran Member, Member II (11 m) equivalent to the Bumban Member, and Member
III (12 m) equivalent to the Aguyt. In the Bugintsav Basin, fossils from Bugin Member
(20 m) of the Naran Bulak Formation indicate that the member is equivalent to the Naran
Member. Dashzeveg (1988) reported the following species from the Naran Member and
the Gashato fauna: Prionessus lucifer, Dissacus indigenus, Eurymylus laticeps,
Pseudictops lophiodon, Oxyaenasp., 'Sinopa'sp., Gashatostylops ("Arctostylops")
macrodon, Palaeostybps. iturus, Coryphodon tsaganensis, Pachyaena nemegetica,
Pseudictops lophiodon, Archaeobmbda planicanina, and Prodinoceras martyr. He
included the following species from the Zhigden fauna: Prodinoceras martyr,
Archaeobmbda pbnicanina, Gashatostybps ("Arctostybps") macrodon, and Emanodon
sp.
Qi (1979) gave a list of following species from the Bayan Ulan Formation:
Prionessus lucifer, Eomylus borealis, Pseudictops bphiodon, Pachyaena sp.,
Pbgiocristodon serratus, Pabeostylops iturus, Gashatostybps ("Palaeostybps")
macrodon, Pastorabdon bcustris, Prodinoceras efremovi, ILambdotherium sp.,
IHeptodon sp. Meng et al. (1994b) recently published a new rodent species from this
fauna, Tribosphenomys minutus. Two perissodactyl species, ILambdotherium sp. and
IHeptodon sp., were considered as major evidence to suggest early Eocene for the age of
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the formation by Qi (1979), Li and Ting (1983), and Miao (1989). Dashzeveg and
Russell (1988) did not mention the age of Bayan Ulan Formation when they reassigned
the Mimotona borealis to Eomylus. IHeptodon sp. probably fell from the overlying
strata (pers. comm., Meng Jin, 1994). ILambdotherium sp. is based on very
fragmentary materials, so that the systematic position of the species is questionable. The
appearances of the species Prionessus lucifer, Pseudictops lophiodon, Gashatostylops
macrodon, and Palaeostylops iturus in the Bayan Ulan Formation indicate that the Bayan
Ulan Formation is probably equivalent to the Member I (Gashato) of the Khashat
Formation and the Naran members of the Naran Bulak Formation.
The species from the Nomogen Formation of Inna-Mongolia include Prionessus
lucifer, Sphenopsalis nobilis, Lambdopsalis bulla, Sarcodon pygmaeus, Eomylus
borealis, Pseudictops lophiodon, IDissacus sp., Plagiocristodon serratus, Palaeostylops
iturus, P. macrodon, Pastoralodon lacustris, Convallisodon convexus, C. haliutensis,
and ?Rodentia indet. Seven of thirteen species (54%) from the nearby Bayan Ulan
Formation are the same as those of the Nomogen Formation. ?Rodentia indet. from the
Nomogen Formation indicates the possible appearance of rodents in the formation.
These suggest that the Nomogen Formation is probably equivalent to or slightly older
than the Bayan Ulan Formation, depending on whether ILambdotherium sp. from the
Bayan Ulan Formation (Qi, 1979), represents a true primitive perissodactyl and on
reliable material supporting the appearance of the rodent.
The Shuangtasi Formation from Xuancheng Basin of Anhui Province unconformably
overlies the late Cretaceous Xuannan Formation (Qiu et al., 1977). Five species,
Hsiuannania maguensis, Dissacus magushanensis, Bothriostylops progressus,
Archaeolambda yangtzeensis, and Wanotherium xuanchengensis, have been reported
from it (Xu, 1976a, b; Tang and Yan, 1976; Yan and Tang, 1976; Huang, 1977,1978;
Zheng and Huang, 1986). Hsiuannania maguensis is one of the most advanced
Paleocene anagalids. It is larger than other species, and has hypsilodont cheek teeth,
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enamel extending into the alveolae, and a higher degree of molarization in its premolars
(Xu, 1976a). B. progressus was first described as Sinostylops by Tang and Yan (1976),
and reassigned to Bothriostylops by Zheng and Huang (1986). The type species of this
genus B. notios is from the Wangwu Member of the late Paleocene Chijiang Formation.
B. progressus represents a more advanced species than B. notios in having higher
crowns, a higher molarized p4 , more lophodont molars, and more developed
entolophids. Zheng and Huang (1986) suggested that B. notios represents an
intermediate form between Asiostylops spanios and B. progressus, and that the
Shuangtasi Formation is early Eocene in age Cifelli et al. (1989) considered it as late
Paleocene or early Eocene in age. Wanotherium xuanchengensis is a puzzling species
from the Shuangtasi Formation. The species, represented by the type specimen, a partial
left dentary with mi and m3 (IVPP 4340), and by a partial dentary with mi and m2 (IVPP
V4341), was first described as a primitive perissodactyl by Tang and Yan (1976) and
considered as "order uncertain" by Li and Ting (1983). Tang and Yan (1976, p. 97)
considered "W. xuanchengensis to be similar to Lambdotherium" in having crescental
crests and a less developed metastylid, and suggested that the Shuangtasi Formation is
probably late late Paleocene. Lambdotherium first appeared in late Wasatchian in North
America and is considered to be a sister group to brontotheres in several recent studies
(Hooker, 1989; Mader, 1989; Prothero and Schoch, 1989a, b). The material of W.
xuanchengensis is too fragmentary to be identified in detail, however, it shows similar
basic structure as the early perissodactyls. Two (40%) of five genera of the Shuangtasi
fauna are the same as those of the Naran Member of the Naran Bulak Formation, but
none of the species is shared with the latter. The Shuangtasi Formation is most likely
equivalent to the Naran Member, based on the appearance of the advanced mesonychid
Dissacus maguensis and pantodont Archaeolambda yangtzeensis. The fauna from the
Shuangtasi Formation is tentatively included in the latest Paleocene, but it is possible that
the fauna is somewhat younger.
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In Hengyang Basin fossil mammals are found mainly in two areas as mentioned
previously, which were mapped in two separate geological sections (Fig. 7). One fossil
site is located in the top of the Pukuitang section, and the other is in the top of the
Limuping section (Fig. 6 ,7). It is difficult to compare the sections accurately because of
the covered interval between the sections. Based on the lithology and the relative
position, the fossil layer in the Limuping section is most likely equivalent to the lower
part of the Pukudtang section, which means that there are two fossil layers, the upper
produdng the early Eocene fossils and the lower producing Archaeolambda sp. An
interval about 100m thick lies between these two fossiliferous layers (Li et al., 1979, p.
73). In an initial report Li et al. (1979) considered the Archaeolambda sp. bearing layer
as either early Eocene or late Paleocene, because the species is similar to Archaeolambda
planicanina in morphology; and A. planicanina in Naran Bulak Formation of Mongolia
was considered as early Eocene by some authors and as later Paleocene by others. In Li
and Ting (1983), the A. sp. layer was suggested as ?Paleocene. Zheng and Huang
(1984) considered that these two fossil layers are correlative and both are early Eocene in
age. A. planicanina is mainly from the Naran Member and the Zhigden Member
(Dashzeveg, 1988). Therefore, the lower part of the Lingcha Formation very likely is the
latest Paleocene. Tentatively, the fauna from the lower part of the Lingcha Formation is
included in the latest Paleocene.
ASIAN EARLY EOCENE LAND MAMMAL AGE
The history of the discovery of Asiatic early Eocene mammals can be traced back to
the early 1960s, when new uintathere materials from the Xinyu Group of Yuanshui Basin
of Jiangxi Province (Chow, 1959; Chow and Tung, 1962) were published, and the find
of Homogalax from the Wutu Formation of Wutu Basin of Shangdong Province was
reported (Chow and Li, 1963). New discoveries mainly from China and Mongolia have
been added continually since then, including the mammals from the Niushan Formation
of Niushan Basin of Shangdong Province (Chow and Li, 1965), Zhangshanji Formation
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of Laian Basin of Anhui Province (Zhai et al., 1976), Dabu and Shisanjianfang
formations of Turpan Basin of Xinjiang Province (Chow, 1960; Zhai, 1978a, b),
Lingcha Formation of Hengyang Basin of Hunan Province (Li, et al., 1979), and
Yuhuangding Formation of Xichuan Basin of Henan Province (Xu et al., 1979) of
China. Also published have been finds from the Bumban Member of Naran Bulak
Formation of Nemegt, Ulan-Nur, and Bugintsav basins of Mongolia (Dashzeveg and
McKenna, 1977; Dashzeveg, 1982,1988). A small collection of fossil mammals from
the Subathu Formation of India is considered early Eocene by Gingerich and Russell
(1981) and Russell and Zhai (1987). This fauna is characterized by marine mammals and
proboscideans. Another fauna from the Kuldana Formation of Pakistan has been
assigned to the early Eocene with question by Russell and Zhai (1987). The Asiatic early
Eocene localities are shown in Fig. 16.
Dashzeveg (1982,1988) proposed a detailed holarctic correlation of Paleocene-early
Eocene boundary strata based on the Mongolian mammalian fossils. In his four
subdivisions, Zhigden, Naran, Bumban, and Aguyt, he suggested that the Zhigden and
the Naran members are equivalent to the Clarkforkian of North America and the base of
the Spamacian; and the Bumban Member is equivalent to the Wasatchian of North
America and the Spamacian of Europe.
Li and Ting (1983) proposed a tentative correlation of the Chinese early Eocene
formations based on mammals, in which they considered that the Dabu, Wutu, Lingcha
formations, and the Xinyu Group to be Wasatchian and Cuisian in age; and the
Shisanjiangang, Yuhuangding, and Zhangshanji formations to be younger than the early
Eocene Wasatchian and Cuisian and older than the middle Eocene Bridgerian of North
America and Lutetian of Europe. Russell and Zhai (1987) suggested that all these
formations are early Eocene in age. However, they considered that the Niushan
Formation is stratigraphically slightly higher than the Wutu Formation, and that the
Shisanjianfang Formation could be considered as early Eocene or slightly younger. They
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also pointed out that "the Limuping (Lingcha of Li and Ting, 1983) Formation
corresponds approximately to the Xinyu Formation of Jiangxi, the Yuhuangding
Formation of Henan, and the Zhangshanji Formation of Anhui. Its correlation with the
Wutu Formation (Shandong) is less certain." (Russell and Zhai, 1987, p. 79).
The present author proposes to establish the Bumbanian Mammal Age as the Asiatic
early Eocene land mammal age. The Bumbanian Mammal Age is established based on
fossil mammals to represent a period during the time between the first appearance of one
taxon and the first appearance of another taxon. Three biozones, the Orientolophus
Interval Zone, the Homogalax Interval Zone, and the Heptodon Interval Zone, are
recognized within the Bumbanian Mammal Age. The zones are established here based on
the faunas that occur during the time between the first appearace of one taxon and the first
appearance of a related taxon. The taxa used in defining these zones are early tapiroid
and rinoceros species. They are the successive lowest occurrences within an
evolutionary lineage at general level. Such zones are Lineage Zones of the ISSC.

Bumbanian Mammal Age
Romer (1966, p. 335) proposed the name "Ulanbulakian" to represent the early
Eocene Asiatic mammal age, with no definition and characterization. He correlated the
"Ulanbulakian" to the North American Wasatchian and the European Ypresian,
Spamacian, and Cuisian. Szalay and McKenna (1971, p. 281) referred Romer's
"Ulanbulakian" to the "Gashatan", the Asiatic latest Paleocene land mammal age. Li and
Ting (1983) proposed the term "Lingchan" as a tentative early Eocene "Chinese
Provincial Age"; however, no definition and description were given. "Lingchan"
included only Chinese early Eocene faunas in their correlation table. Russell and Zhai
(1987, p. 414) proposed the name "Bumbanian Mammal Age" to represent the Asian
early Eocene land mammal age. Although they did not offer drtailed descriptions for this
age, Russell and Zhai included all Asian early Eocene faunas in the Bumbanian. I
continue to use the term "Bumbanian" to represent the Asiatic early Eocene mammal age.
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Gashatan/Bumbanian (Paleocene/Eocene) boundary
The Paleocene-Eocene boundary is of interest both to paleontologists and geologists.
A precise positioning of this boundary is important in understanding the major geological
events of that time. However, the definition and the intercontinental correlation of the
boundary has long been a thorny problem in debate because of varying interpretations in
different subdisciplines of paleontology and geology.
The Paleocene-Eocene boundary in western Europe has recently been considered to
be at the base of the marine Ypresian stage/age (including the Cuisian substage/age) by
invertebrate paleontologists and micropaleontologists (Costa et al., 1978; Curry et al.,
1978; Berggren et al., 1978,1985). However, most vertebrate paleontologists and many
geologists considered the beginning of the Spamacian substage/age as the beginning of
the Eocene (Russell et al., 1982; Schmidt-Kittler,1987; Pomerol, 1969; Cavelier and
Pomerol, 1986) because of the dramatic differences of the Spamacian mammalian fauna
from preceding Thanetian faunas. Russell, Pomero, and Cavelier include the Spamacian
within a broadly drawn Ypresian stage/age.
The Paleocene-Eocene boundaries in inland North America and Asia are based on the
terrestrial fauna and flora because of the absence of marine deposits. In North America
the beginning of the Wasatchian mammalian fauna has long been correlated with the
beginning of the Spamacian fauna by many vertebrate paleontologists (Cope, 1878;
Jepsen, 1937; Matthew, 1914; Simpson, 1929; Teilhard, 1922). Gingerich (1975,1976)
proposed a correlation of Clarkforkian with the Spamacian. Rose (1981, p. 30) further
divided the Clarkforkian into three faunal zones and suggested that "the PaleoceneEocene boundary is considered to coincide with the boundary between the Plesiadapis
gingerichi and P. cookei Zones". Hickey (1980) placed the Paleocene-Eocene boundary
at the base of the Wasatchian land mammal age. Wing (1984) suggested that the
boundary should be placed within the lower part of the Wasatchian. Based on his new
intensive study of WaO fauna, Gingerich (1989b, p. 86 ) proposed that "the earliest
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Wasatchian in North America should be correlated with the earliest Spamacian in Europe"
and that "the Clarkforkian land-mammal age is again entirely Paleocene rather than
Eocene in age. Clarkforkian equivalent faunas appear to be partly or entirely missing in
Europe". Meanwhile, Lucas (1989, p. 335) suggested "placement of the PaleoceneEocene boundary within the Wasatchian land-mammal age, near the Gray Bull-Lysite
boundary", based on the distribution of Coryphodon.
In Asia, the Gashato fauna of Mongolia has been considered as the latest Paleocene in
age (Matthew and Granger, 1925b; Szalay and McKenna, 1971). Recently Dashzeveg
(1988) published a detailed study on the upper Paleocene and lower Eocene strata in
Mongolia. He divided the Naran Bulak Formation from the bottom to the top into four
members, Zhigden, Naran, Bumban, and Aguyt, and proposed that the PaleoceneEocene boundary in Central Asia is beneath the Bumban Member, based on the
mammalian fauna. The Bayan Ulan Formation represents the latest Paleocene strata in
China. The fauna from the upper part of the Lingcha Formation represents the earliest
early Eocene, therefore the Paleocene/Eocene boundary in China should be underneath
the upper part of the Lingcha Formation. If future work proves the lower part of the
Lingcha Formation to be equivalent to the Bayan Ulan Formation, the Paleocene/Eocene
boundary would be between the upper and the lower part of the Lingcha Formation.
The beginning of the Bumbanian is recognized by the first appearance of the order
Perissodactyla. The lowest occurrence of Perissodactyla is represented by species
Orientolophm hengdongensis from the Lingcha Formation of the Hengyang Basin, and
?0. gabunia and ?0. namadicus from the Bumban Member of the Naran Bulak Formation
of the Nemegt Basin.
Definition and Characterization
The Bumbanian Mammal Age defined here represents a time span including the
faunas that occur during the time between the first appearance of the Order
Perissodactyla, represented by the most primitive tapiroid Orientolophus, and the first
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appearance of the more advanced perissodactyl family Helaletidae, represented by
Hyrachyus. Helaletidae first appear in the Guanzhuang Formation of Xintai Basin,
Shandong Province, China. This fauna is considered to be the earliest middle Eocene
mammal fauna in Asia by Qi (1987). The appearance of this family also marks the onset
of the younger mammal age, the middle Eocene Arshantan Mammal Age. The
Bumbanian Mammal Age is characterized by the following features:
(a) First appearances of the Order Perissodactyla, Omomyidae (primate), Cocomyidae
(rodent), and Hapalodectidae (acreodi).
(b) Last occurrence of Arctostylopida.
(c) Early diversity of Perissodactyla. The Order Perissodactyla abruptly appeared at
the beginning of the early Eocene in Asia. It is represented mainly by the tapiroid
Orientolophus, and probably by chalicotheres, if "Propachyrwlophus”hengyangensis is
further defined as a chalicothere. The tapiroids diversified in the middle and late early
Eocene, producing Homogalax and Heptodon. "Propachyrwlophus" hengyangensis, as
discussed in Chapter I, most likely represents the earliest known chalicothere; however,
no more chalicothere material has been found so far in the middle and late part of this
zone.
(d) Abundance and diversity of Rodentia and Euiymylidae. A new species,
Tribosphenomys minutus from the latest Paleocene Bayan Ulan Formation of Inner
Mongolia, has been reported recently and is considered to be the most primitive "rodent"
( Meng et al., 1994b). The upper teeth of T. minutus are slightly unilaterally hypsodont
and show the primitive triangular arrangement of principal crown cusps (tribospheny), a
similarity with the eurymylids, the relative nearest to the rodents. The rodents,
Alagomyidae and Cocomyidae, suddenly diversified and flourished in the early Eocene in
Asia.
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(e) Abundance of coryphodontid pantodonts. Coryphodontids appeared in the latest
Paleocene and are common in the early Eocene. They are numerous in the middle and
late early Eocene.
(f) Characteristic fossils include Namnius, Bumbanius, Tsaganius, Hsiangolestes,
Changlelestes, Rhombomylus, Matutinia, Gomphos, Hapalodectes, Hyopsodus,
Anatobstylops, Coryphodon, Asiocoryphodon, Prodinoceras, Miacis, Orientolophus,
Homogalax, Heptodon, ”Propachynolophus", Alagomys, Cocomys, Tsagamys,
Altanius, and Hunanictis.
Zonation
Most mammalian faunas in the Bumbanian Mammal Age are isolated geographically
in separate depositional basins, which has led to some difficulty in determining the
relative ages of localities and their contained faunas. By using the stratigraphic principle
of faunal succession and correlation wherever two or more faunas are preserved in
stratigraphic sequence, different Bumbanian faunas can be placed in successive
biostratigraphic zone. I recognize three biozones within the Bumbanian Mammal Age,
the Orientolophus Interval Zone, the Homogalax Interval Zone, and the Heptodon
Interval Zone. These zones are named after various genera of perissodactyls since they
indicate distinctive evolutionary trends of early tapiroid-rhinoceroid perissodactyls in
Asia.
Orientolophus Interval Zone
This zone is here defined to include the faunas that occur during the time between the
first appearance of Orientolophus, represented by O. hengdongensis, and Homogalax,
represented by H. wutuensis. It is the first mammalian fauna of the Bumbanian Mammal
Age and represents the earliest early Eocene fauna in Asia. The zone is characterized by
the following features:
(a)

First appearances of the most primitive tapiroid Orientolophus, a true omomyid

primate Altanius, primitive rodents of Cocomyidae, and primitive acreodi Hapalodectes.
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(b) An abundance and diversity of the rodaits and their relatives, eurymylids. About
ten species of seven genera of true rodents, including Cocomys lingchaensis, Alagomys
inopinatus, Orogomys obscurus, Sharomys singularis, S. parvus, Kharomys mirandus,
K. gracilis, Tsagamys subitus, and Ulanomys mirificus, abruptly appeared in this zone.
Three species of three genera of the eurymylids, including Matutinia nitidulus, Gomphos
elkema, and Rhombomylus sp., are commonly found and abundant.
(c) The abundance and diversity of insectivores. Six species of five genera of
insectivores, Hsiangolestes youngi, Naranius infrequens, cf. N. infrequens., Bumbanius
rarus, Oedolius perexiguus, Tsaganius ambiguus, and Insectivora gen. et. sp. nov.,
abruptly appeared in this zone.
(d) The diversity of early perissodactyls. Orientolophus represents the most primitive
tapiroid. Although the specimens of Propachynolophus hengyangensis are not well
preserved, the known materials indicate that it may represent the earliest chalicothere.
(e) The Characteristic fossils of this zone are Naranius infrequens, Tsaganius
ambiguus, Cocomys lingchaensis, Tsagamys subitus, Alagomys inopinatus, Matutinia
nitidulus, Orientolophus hengdongensis, ?0. namadicus, ?0. gabuniai, Hapalodectes
hetangensis, Altanius orlove, Hsiangolestes youngi, Hyopsodus orientalis, and
Hunanictis inexpectatus.
(f) Related fauna
This zone is established mainly on the faunas from the Bumban Member of the Naran
Bulak Formation of Nemegt Basin, Mongolia, and from the upper part (Hengdong fauna)
of the Lingcha Formation of Hengyang Basin of Hunan Province, China. It is also
known from the Member II of the Khashat (Gashato) Formation of Ulan-Nur Basin of
Mongolia, and the Dabu Formation of Tuipan Basin of Xinjiang Province, and the
Pinghu Formation of Chijiang Basin of Jiangxi Province, China. The species from the
Hengdong fauna have been described in Chapter I.
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Dashzeveg recently reported the following species from the Bumban fauna: Gomphos
elkema, Archaeolambda sp., Arctostylops sp., Naranius infrequens, Bumbanius mrus,
Oedoliusperexiguus, Tsaganius ambiguus, Hyopsodus orientalis, Hapalodectes sp.,
Zaginys insolitus, Rhombomylus sp., Altanius orlovi, ?Orientolophus gabuniai, ?0.
namadicus, Alagomys inopinatus, Orogomys obscurus, Sharomys singularis, S. parvus,
Kharomys mirandus, K gracilis, Tsagamys subitus, and Ulanomys mirificus
(Dashzeveg, 1982,1988,1990a, b; Dashzeveg et al., 1987). 10. gabuniai and 10.
namadicus of the Bumban fauna are much smaller and more primitive than Homogalax
wutuensis of the Wutu fauna. The type species S. singularis of the genus Sharomys is
based on a fragmentary right maxilla with P2-M2 (Holotype), and a left mandible with
p4-m3 and fragmentary left maxilla with P3-M2 (referred materials). The major difference
between Sharomys and Cocomys is a "larger infraorbital foramen of hystricomorph type"
(Dashzeveg, 1990b, p. 20). However, the author did not give the measurements of the
infraorbital foramen of S. singularis and mentioned that "its dimensions cannot,
however, be determined because of fragmentary material" (Dashzeveg, 1990b, p. 20).
The systematic position of Sharomys is questionable. The type species K. mirandus, of
the genus Kharomys, is based on a fragmentary left maxilla with P^M 1, The major
differences between Kharomys and Cocomys are "relatively larger infraorbital foramen"
and "lack of metaloph" (Dashzeveg, 1990b, p. 25). The author described an "infraorbital
foramen (mispelled as interorbital foramen in the original paper) of large dimensions, its
diameter about as large as the width of P4" (Dashzeveg, 1990b, p. 25). The width of P4
of K. mirandus is 1.7 mm based on tooth measurements (Dashzeveg, 1990b, p. 17).
The infraorbital foramina of Cocomys lingchaensis vary from 1.8-2.1 mm
(dorsoventrally) and 1,3-1.7 mm (transversely) (Li, et al., 1989). It is most likely that
the sizes of the infraorbital foramen of both Sharomys and Kharomys are in the range of
Cocomys. The metaloph of the upper molar of Cocomys also varies in degree of
development. It is possible that both Sharomys and Kharomys are synonymous with
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Cocomys. The type species T. subitus of the genus Tsagamys is based on a fragmentary
left dentary with p4-m2 (Holotype) and a right P4 (refered material). The diagnosis of the
genus is very distinct: both upper and lower P4 are considerably molarized (P4 with
metacone and p4 with well developed hypoconulid) (Dashzeveg, 1990b). Briefly
speaking, there are two types of cocomyid rodents in the Bumban fauna, P4 unmolarized
(Cocomys) and P4 molarized (Tsagamys). These two types of rodents also occur in the
Hengdong fauna, Cocomys lingchaensis and cf. Tsagamys subitus. The insectivores are
also abundant in both Bumban and Hengdong faunas. The species Naranius infrequens
occurs in both faunas. The Matutinia and the Hapalodectes occurs also in both faunas;
however, the materials of these species in the Bumban fauna have not been extensively
studied. The appearances of the same kinds of primitive insectivores, perissodactyls,
rodents, and acreodi in the Bumban and Hengdong basins indicate that the two faunas are
probably equivalent in age and represent the earliest early Eocene land mammal fauna in
Asia.
Two species, Coryphodon dabuensis and Prodinoceras xinjiangensis, are reported
from Dabu Formation (22 m in thickness). C. dabuensis was described by Zhai (1978a)
based on the following specimens: a rather complete mandible with ii and right and left
P2-m3 (IVPP V-4346), an anterior portion of mandible with a pair of canines, and left P3
and right P2.4 (IVPP V-4347), a M3 (IVPP V-4348), and an incisor (IVPP V-4349).
This species is small, and its lower molars have well developed "V"-shaped crests and a
conical entoconid and hypoconulid, both primitive characters. According to Zhai (1978a)
it is close to the European C. eocanus and North American C. proterus in terms of its
primitive dentition. P. xinjiangensis was first described as Pyrodon xinjiangensis by
Zhai (1978). Based on the specimens, a right M3 (IVPP V-4350), a portion of right
dentary with m3 (IVPP V-4351), a portion of upper jaw with P4 (IVPP V-4352), and a
P3 or P4 (IVPP V-4353), Zhai (1978a, p. 105) considered"Pyrodon from the Dabu
Formation is more advanced than Prodinoceras from Taizicun and Gashato formations".
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It was reassigned to Prodinocems by Schoch and Lucas (1985), who proposed that
Pyrodon is very similar to some specimens referred to Mongolotherium in bearing a large
hypocone on a large, posterior talon shelf, and therefore should be considered a junior
subjective synonym of Prodinocems, as is Mongolotherium. According to Zhai (1978a)
C. dabuensis represents a primitive form of the genus. The Dabu Formation is
considered older than Shisanjianfang, Yuhuangding, and Niushan formations and is
probably older than Wutu Formation.
Two species, Phenacems lacustris and Ganatherium austmlis (Tong, 1979b), were
originally reported from the Pinghu Formation (200-300 m in thickness). They were
reassigned to Prodinocems by Schoch and Lucas (1985), who also considered G.
austmlis a junior subjective synonym of Phenacems lacustris. G. austmlis is known only
from a single m3 and is distinguished by its small entoconid and anteroposteriorly short
trigonid. Schoch and Lucas considered these features to vary within uintathere taxa. P.
lacustris is more advanced than the latest Paleocene P. plantigmdum from the Nemegt
Basin of Mongolia in having P4 more molarized, reduced first metatarsal, and smaller
third trochanter of the femur. P.. xinjiangensis from Dabu Formation is mainly based on
a right M3 and a right m3 , which are about 1/3 larger than those of P. lacustris. It has a
large hypocone on M3 similar to that in P. lacustris; however, the talon of M3 in
P. xinjiangensis is narrower posteriorly, making the outline of the tooth wider anteriorly
and narrower posteriorly, which differs from the situation in P. lacustris, which is
basically square in shape. Both P. xinjiangensis and P. lacustris have a shorter trigonid
and an isolated, conical entoconid on m3. However, the entoconid connects to the
hypoconulid by a crest in P. lacustris but not in P. xinjiangensis. It is hard to determine
if P. xinjiangensis represents a more advanced type than P. lacustris from the materials
presently available. The species P. sinyuensis is represented by a fragmentary maxilla
with incomplete M 1*2 from Ningjiashan mamba- of the Xinyu group. This species is
similar to P. lacustris in basic dental morphology and is reassigned to the same genus as
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P. lacustris (Tong, 1979b; Tong and Lucas, 1982). The formation is considered to be
early Eocene by Tong (1979b) and Li and Ting (1983). Probably it is equivalent to the
Dabu Formation and Ningjiashan Member and is earliest early Eocene, based on the
appearance of more advanced species P. lacustris. Pinghu fauna is tentatively grouped in
this zone.
Homogalax Interval Zone
This zone is defined here to include the faunas that occur during the time between the
first appearance of Homogalax, represented by H. wutuensis, and the first appearance of
Heptodon, represented by H. niushanensis. It represents the middle part of the
Bumbanian Mammal Age. This interval zone is now known only from the Wutu fauna,
which is currently studied by Tong and Wang. The zonal characters listed in the
following are based on some publications and personal communications with Tong and
Wang (1994, 1995), the further revision is expected. This zone is characterized by the
following features:
(a) First appearances of the true Homogalax, H. wutuensis (tapiroid), the more
progressive rodents Ischyromyidae, the Erinaceidae, and true Soricomorpha
(insectivora), and the Artiodactyla.
(b) Last local occurrence of Multituberculata.
(c) Diversity of more advanced primates and rodents. The primates are represented
by carpolestid plesiadapoids (Tong and Wang, 1994). The rodents are represented by
Ischyromyids, etc. (Tong and Wang, 1994; Tong and Dawson, in press).
(d) The Characteristic fossil is Homogalax wutuensis, etc.
(e) Related faunas
The Wutu Formation is composed of dark colored oil shales, coals, and purple red,
green mudstones and conglomerates. Homogalax wutuensis (Chow and Li, 1965) has
long been known as the only mammalian species from this basin. However, in the past
few years new materials have beat collected by Tong and Wang (1993). The fauna is
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composed of at least 20 species belonging to 11 orders (pers. comm. Tong and Wang,
1994,1995), including Changlelestes dissetiformis (Soricomorpha, Insectivora),
Heterocoryphodon sp. (Coryphodontidae, Pantodonta), Carpocristes oriens and
Chorolestes sinensis (Carpolestidae, Primate), cf. Alagomys sp. (Alagomyidae,
Rodentia) and several new species of rodents, Hyopsodus sp. (Hyopsodontidae,
Condylarthra), Mesodmops dawsonae (multituberculates), creodonts, carnivores,
arctostylopids, and artiodactyls, etc. The first mammalian fossil Homogalax wutuensis
from this fauna was described by Chow and Li (1963,1965) based on the type
specimen, a right upper jaw with P^M 1 (IVPP V-2809), and the referred specimen, a
right dentary with m2 and m3 (IVPP V-2809.1). This species is similar to Homogalax
protapirinus from the Wasatchian of North America in size and basic morphology. It
differs from the latter in having narrower P3 and P4, weaker protoconule on P3, and
more prominent protoconule on P4 (Chow and Li, 1965). The recently discovered
species Changlelestes dissetiformis belonging to a new family Changlelestidae,
Soricomorpha, Insectivora, was described by Tong and Wang (1993) based on the type
specimen, a right maxilla with I^-M 3 (IVPP V-10306-1), right dentary with p2-ni3
(IVPP V-10306-2), a left dentary with p4-m3 (IVPP V-10306-3), i3-c (IVPP V-103064), and a right if .2 (IVPP V-10306-5). The authors grouped the other Asiatic genera,
Emosorex Wang, 1990, Ictopidium Zdansky, 1930, and Tupaiodon Matthew et Granger,
1923, into Changlelestidae and considered that the changlelestids are closer to the
nyctitheriids compared with other forms in the suborder Soricomorpha, indicating that it
probably represents a branch of early soricomorphs. Tong and Wang (1993,1994) also
reported a new species of multituberculate, Mesodmops dawsonae, and considered that
the Wutu fauna is about equivalent to the Bumban fauna and Graybullian of the
Wasatchian in age. As mentioned before, Homogalax wutuensis from the Wutu fauna is
more advanced than Orientolophus hengdongensis from the Hengdong fauna and 10.
namadicus from the Bumban fauna. Changlelestes dissetiformis from the Wutu fauna
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differs from the insectivores from both Hengdong and Bumban faunas and is closer to
the Asiatic early Tertiary Tupaiodon, Ictopidium, and Emosorex (Tong and Wang,
1993). The Wutu fauna is slightly younger than the Hengdong and the Bumban faunas
based on appearances of more advanced species. Only one species, Gomphos elkema, is
known from the Aguyt Member of Naran Bulak Formation of the Nemegt Basin and the
Membra1III of the Khashat Formation of Ulan Nur Basin from Mongolia at present. The
fossils from these members are temporarily grouped in this zone.
Heptodon Interval Zone
This zone is here defined to include the faunas that occur during the time between the
first appearance of Heptodon, represented by H. niushanensis, and the first appearance
of Hyrachyus, represented by H. modestus (Qi, 1987). It represents the latest of the
early Eocene mammalian faunas in Asia. The zone is characterized by the following
features:
(a) First appearance of the advanced tapiroid perissodactyl Heptodon, and the
advanced rodent Advenimus.
(b) Last occurrence of Arctostylopida.
(c) The abundance and diversity of coryphodontid pantodonts. The family
Coryphodontidae is represented by two genera, Asiocoryphodon and Coryphodon, and
four species, A. conicus, A. lophodontus, C. flerowi, and C. ninchiashanensis.
(d) The Charactristic fossils include Heptodon tienshanensis, H. niushanensis,
Coryphodon dabuensis, C. flerowi, C. ninchiashanensis, Asiocoryphodon conicus, A.
lophodontus, Miacis tenuis, Rhombomylus turpanensis, R. laianensis, and Advenimus
hupeiensis.
(e) Related faunas
The faunas belonging to this zone are known from the Shisanjianfang Formation of
Turpan Basin of Xinjiang Province; the Niushan Formation of Niushan Basin of
Shangdong Province; the Yuhuangding Formation of Xichuan Basin of Henan Province;
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the Zhangshanji Formation of Laian basin of Anhui Province; and probably the
Ningjiashan Member of Xinyu Group of Yuanshui Basin of Jiangxi Province of China.
The Shisanjianfang Formation is composed of reddish sandy clay and is about 272 m
thick. The fossils are found between 18 and 30 m from the top. Five species belonging
to 5 orders have been reported, including: Coryphodon sp., Rhombomylus turpanensis,
Hyopsodus sp., Heptodon tienshanensis, and Anatolostylops dubius. Zhai (1978b), Li
and Ting (1983), and Russell and Zhai (1987) proposed that the Shisanjianfang
Formation is early Eocene and younger than the Dabu Formation.
The Niushan Formation is composed mainly of gray green marly beds, with black oil
shales and brownish red clay, mudstone and sandstone. Only one species, Heptodon
niushanensis (Helaletidae, Perissodactyla), has been found since the initial report (Chow
and Li, 1965). The Niushan Formation is considered to be younger than nearby Wutu
Formation containing Homogalax wutuensis (Chow and Li, 1965; Li and Ting, 1983;
Russell and Zhai, 1987). Heptodon niushanensis is slightly larger than H. turpanensis of
the Shisanjianfang Formation. The upper molars of the latter show some advanced
features, such as weaker cusps and less development of the cingulum. These features
probably do not indicate significant stratigraphic difference. The Niushan Formation can
be considered to be equivalent to the Shisanjianfang Formation.
The Yuhuangding Formation is composed of brownish red and gray mudstone and
sandstone, intercalated with puiple red or green marls and vaiying in thickness between
400-900 m. The fauna contains about 7 species belonging to 4 orders, including
Asiocoryphodon conicus, A. lophodontus, Dinocerata indet., Advenimus hupeiensis,
Rhombomylus sp., and cf. Heptodon sp. (Chow et al., 1973; Gao, 1976; Xu et al.,
1979). Xu et al. (1979) proposed that the Yuhuangding Formation is late early Eocene
and about equivalent to the Shisanjianfang Formation and Ningjiashan Member of Xinyu
Formation, and younger than Lingcha Formation. I i and Ting (1983) suggested that the
Yuhuangding Formation is late early Eocene or early middle Eocene. Two of five
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species, cf. Heptodon sp. and Rhombomylus sp., from the Yuhuangding Formation are
comparable to those of the Shisanjianfang and Niushan formations, cf. Heptodon sp. is
represented by a fragmentary M 1 and M2 (IVPP V-5370). According to Xu et al. (1979),
the upper molar of cf. Heptodon sp. is similar to that of H. niushanensis and H.
turpanensis, but smaller than the latter. Rhombomylus sp. is represented by a number of
well preserved skulls and partial and fragmentary maxilla and jaws. The dental
morphology of R. sp. is very similar to that of R. turpanensis. The skull morphology of
R. sp. provides detailed information relative to the systematics of this form (Ting and Li,
1984; Li and Ting, 1985). Based on the appearances of these two species, the
Yuhuangding Formation is considered to be equivalent to the Shisanjianfang, Zhanshanji,
and Niushan formations.
The Zhangshanji Formation is composed of red sandstone and sandy clay and is
about 108.61 m thick. Only one species, Rhombomylus laianensis, has been reported
(Zhai et al., 1976). Zhai et al. (1976) suggested an earlier Eocene in age for the
Zhangshanji Formation. Li and Ting (1983) and later Russell and Zhai (1987) suggested
this formation as early Eocene. R. laianensis is basically comparable to R. turpanensis
from the Shisanjianfang Formation of Turpan Basin. According to Zhai et al. (1976) the
basic arrangement of upper molar cusps, especially a broad, well developed hypocone
shelf, increase in size from M 1 to M3; and the morphology of the lower molars of R.
laianensis are similar to those of R. turpanensis. The only difference between the two is
that the upper and the lower molars of R. laianensis are slightly wider than those of R.
turpanesis. Based on the specimens at hand, the Zhangshanji Formation is most likely
equivalent to the Shisanjianfang Formation.
The Ningjiashan Member of Xinyu Formation is composed of purplish grey
argillaceous sandstone and sandy mudstone with intercalated grayish green fine
sandstone and calcareous nodules and is about 900 m thick. The fauna contains 4 species
belonging to 4 orders, including "Coryphodon" ninchiashanensis, Coryphodon sp.,
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Prodinocems sinyuensis, Miacis tenuis, and ?Heptodon sp. The Ningjiashan Member of
Xinyu Formation was considered as early Eocene by Chow and Tung (1962,1965),
Chang and Tung (1963), Li and Ting (1983), and Russell and Zhai (1987). Zheng et al.
(1975) considered that the Ningjiashan member is very early Eocene. The materials
representing Weptodon sp. and Prodinocems sinyuensis are poorly preserved.
. According to Zheng et al. (1975), IHeptodon sp., represented by a posterior portion of
the left dentary with an incomplete m3 (IVPP V-4784), is about the size of Helaletes
nanus. The morphology of m3 is similar to that of Heptodon and Helaletes, but more
similar to the former in having the tooth narrower and smaller and the talonid narrower.
The species is tentatively assigned to the genus Heptodon by Zheng et al. (1975).
Prodinoceras sinyuensis was first described based on a single maxillary fragment with
incomplete M 1*2 (Chow and Tung, 1962) and questionably assigned to the genus
Probathyopsis. It was reassigned to Phenacems by Tong (1979b) and Tong and Lucas
(1982). Schoch and Lucas (1985) combined all Paleocene and early Eocene dinocerates
in a single genus Prodinocems, including P. sinyuensis. Miacis tenuis, represented by a
left P4, a left M1, a right M3, a right P2 , and right mi.2 , was described by Zheng et al.
(1975) and assigned to the genus Xinyuiictis and reassigned to Miacis by Gingerich
(1983). Both authors pointed out that this species is very primitive. It is similar to M.
winklei from the Willwood Formation of North America according to Gingerich (1983),
who also considered, based on the discovery of this species, the possibility that miacids
originated in eastern Asia and dispersed to North America and Europe. "Coryphodon"
ninchiashansis was first described by Chow and Tung (1965) based on the type
specimen, a dentary with right P2-1113 and left P2-m2 (PMMA 214), and referred
specimen, a left dentary with c-m3 (IVPP V-3047). Xu (1976) reassigned the type
specimen to Manteodon and the referred specimen to Asiocoryphodon, which then was
reassigned to Coryphodon by Lucas (1982). This species is relatively larger than
Asiocoryphodon lophodontus from the Yuhuangding Formation. The lower molars of
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the species are basically similar to those of A . lophodontus, with m3 having a conical
hypoconulid (Xu, 1976). Russell and Zhai (1987) considered that it is primitive, as is
the miacid. Based on the appearance of two primitive species, M. tenuis and "C".
ninchiashansis, the Ningjiashan Member of the Xinyu Formation seems older than the
Yuhuangding Formation. However, ?Heptodon sp. indicates that an advanced type of
the perissodactyl is probably similar to that in the Yuhuangding Formation. The
correlation of Ningjiashan Member of the Xinyu Formation will remain uncertain until
more fossils are found. It is tentatively placed in this zone.
CORRELATION WITH NORTH AMERICA AND EUROPE
The North American Paleocene Epoch is subdivided into four mammal ages. From
the oldest to the youngest, they are the Puercan (early Paleocene), the Torrejonian
(middle Paleocene), theTiffanian (late Paleocene), and the Clarkforkian (latest Paleocene)
(Archibald et al., 1987; Van Valen, 1978) (Fig. 18). Archibald et al. (1987, p. 25)
pointed out that since" these ages and zones are based on faunal content that in many
instances cannot be defined with precision in type sections, for the most part these units
cannot yet be regarded as stages". The Puercan Mammal Age is defined based on the
first appearance of the didelphid marsupial Pemdectes, and the the first appearance of the
periptychid condylarth Perptychus; and the Puercan "begins sometime during magnetic
polarity chron 29R and ends within, or possibly at the end of, magnetic polarity chron
29N" (Archibald, et al., 1987, p. 42). There is no equivalent counterpart of the Puercan
reported in Europe. In Asia the Shanghuan Mammal Age, the earliest land mammal age,
is well represented by the Shanghu fauna and the Wanghudun fauna. Zhou et al. (1977,
p. 9) proposed that "the upper limit of the Shanghu fauna is probably not beyond the
Torrejonian" and "the lower three layers are probably close to the Dragonian". According
to Archibald et al. (1987) the "Dragonian" is now recognized as the first interval zone of
the Torrejonian Mammal Age. Lou (pers. comm. 1995) suggests that it is may possible
that the base of the Shanghu Formation is comparable to the North American Puercan
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based on his current study of a condylarth from the Shanghu Formation. Recently the
initial paleomagnetic results from Nanxiong and Hengyang basins have been reported.
According to Zhao et al. (1991), the youngest basaltic sample from the borehole in
Nanxiong Basin is dated in K-Ar as 67.04±2.34 my and 67.7±1.49 my, and the K/T
boundary is situated at the 29R between Pingling Formation producing dinosaur
eggshells and the Shanghu Formation producing mammals. Hsu et al. (1990, p. 1298)
proposed that the top of the profile in the Hengyang Basin, source of the samples from
the southern limb of the syncline, reaches near Anomaly 29 (the K/T boundary). Zhao et
al. (1991) suggested that the bottom of the Shanghu Formation is basically close to the
earliest Paleocene, based on their newest paleomagnetic data. Qiu et al. (1977) suggested
that the Wanghudun Formation is middle Paleocene; however, its Lower Member might
be early Paleocene. The faunal compositions of both the Shanghu fauna and the
Wanghudun fauna are very different from those of the Puercan: no genera or even
families are comparable. The correlation of the Puercan with Asian faunas is still
uncertain.
The middle Paleocene land mammal age, the Torrejonian, in North America is defined
"to include faunas that occur during the time between the first appearance of the
periptychid condylarth, Periptychus, and the first appearance of the plesiadapid primate,
Plesiadapis" (Archibald et al., 1987, p. 24). It is subdivided into three zones, the
PeriptychuslTetruclaenodon Interval Zone, the Tetmclaenodon/Pantolambda Interval
Zone, and the PatUolambda/Plesiadapis praecursor Interval Zone. In Europe, the DanoMontian mammal fauna (Vianey-Liaud, 1979) is considered "the lowest
chronostratigraphic and the earliest geochronologic subdivision of the Tertiary", and its
represented fauna, the Hainin fauna, has "endemic elements mixed with taxa of North
American Torrejonian affinity" (Savage and Russell, 1983, p. 21). The Hainin fauna is
represented by nine species, including Bqffius splendidus, Hainina belgica, and H,
godfriauxi (Multituberculata); cf. Aphronorus (Pantolesta); Apatemyidae gen. et al.

158
unident. (Apatotheria); ?miacids (?Camivora); and adapisoricids and cf. Leptacodon tener
(Insectivora). The earliest known Asian Paleocene faunas, the Shanghu and Wanghudun
faunas, differ from those of both North America and Europe in their composition. The
genus Dissacus is the only one occuring in both Tetmclaenodon/Pantolambda Interval
Zone of the Terrejonian of North America and the Archaeolambda Interval Zone of the
Shanhuan of Asia. The appearances of Dissacus and primitive pontodont in the
Shanghuan might indicate that it is probably partly or wholly equivalent to the
Torrejonian.
The Tiffanian Mammal Age, the North American late Paleocene land mammal age, is
defined "to include faunas that occur during the time between the first appearance of the
plesiadapid primate, Plesiadapis, and the first appearance of the Rodentia" (Archibald et
al., 1987, p. 55). TheTiffanian faunas extend from magnetic polarity chron 26R into
25N (Archibald et al., 1987). Archibald et al. (1987) recognized six zones in the
Tiffanian, the Plesiadapis pnaecursor/P. anceps Lineage Zone, Plesiadapis ancepslP. rex
Lineage Zone, Plesiadapis rexIP. churchilli Lineage Zone, Plesiadapis churchiUi/P.
simonsi Lineage Zone, and Plesiadapis simonsi/P. gingerichi Lineage Zone. The
corresponding European fauna is the Cemaysian fauna (Savage and Russell, 1983),
which is considered to be correlated to the later part of the Thanetian Age by Archibald et
al. (1987). The Cemay fauna shows "some taxonomic resemblance to the Nearctic
fauna", but "this resemblance in no way compares with the very great smilarity between
the Early Eocene faunas of the two continents and may have been mostly an inherited
vestige from preceding faunas." (Savage and Russell, 1983, p. 33). The Asian late
Paleocene land mammal age, the Nongshanian, is based on the first appearance of the
arctostylopid Asiostylops, and the first appearance of the Rodentia. The faunal
composition of the Nongshanian was still very different from the Tiffanian of North
America. However, the most noticeable common character is the upper limits of both
Tiffanian and Nongshanian, based on the first appearance of the Order Rodentia,
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although the Asiatic rodent Tribosphenomys minutus is more primitive than the North
American Paramys atavus. The orders, Arctostylopida and Dinocerata, also had their
first representatives in both Nongshanian and Tiffanian, although the first
representatives, Asiostylops spanios, arctostylopids, and Procinoceras diconicus,
dinocerates, from the Nongshanian are more primitive than their counterparts from the
Tiffanian. The Nongshanian can be correlated with the Tiffanian.
The Clarkforkian (Rose, 1980,1981), the North American latest Paleocene land
mammal age, is defined "to include faunas that occur during the time between the first
appearance of the Rodentia and the first appearance of the Artiodactyla" (Archibald, et al.,
1987, p. 62). Archibald et al. (1987) recognized three zones in the Clarkforkian, the
RodentialPlesiadapis cookei Interval Subzone of the P. gingerichi/P. cookei Lineage
Zone, Plesiadapis cookei Lineage Zone, and Phenacodus-Ectodon Acme Zone. An
obvious common character between the Asian latest Paleocene land mammal age, the
Gashatan, and the North American Clarkforkian is that the beginning of both Gashatan
and Clarkforkian are marked by the first appearances of rodents and coryphodonts. The
Gashatan is considered here to be correlated with the Clarkforkian.
The first Eocene land mammal age in North America, the Wasatchian land mammal
age, is based on the Wasatch Formation and its faunas in the southwestern Green River
Basin. West et al. (1987) proposed the important first appearances of the taxa in the
Wasatchian, including: Perissodactyla, Artiodactyla, Adapidae, Omomyidae,
Hyaenodontidae, Sciuravidae, Paiadctops, Didelphodus, Macroctanion, Pachyaena,
Miads, Vulpavus, and Megalesthonyx. They emphasized that "the simultaneous
appearance of Perissodactyla (Hyracotherium), Artiodactyla (Diocodexis), Adapidae
(Pelycodus), and Hyaenodontidae mark the onset of the Wasatchian and the end of the
Clarkforkian." (West et al., 1987, p. 85). The important last occurrences are
Pantodonta, Meniscotherium, Homogalax, Xenicohippus, Lambdotherium, Anacodon,
Niptomomys, Tetonius, Pelycodus, and Pachyaena (West et al., 1987; Stucky, 1984;
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Bown and Kihm, 1981). West et al. (1987) suggested the following genera as index
fossils: Ambloctonus, Diacodon, Homogalax, Lambdotherium, Meniscotherium,
Pachyaena, Tetonius, Pelycodus, Ectoganus, Wasatchia, Prolimnocyon, Xenicohippus,
Cantius, Copelemur, Anemorhysis, Loveina, and Notoparamys.
The traditional subdivision of the Wasatchian into three subages-the Graybullian, the
Lysitean, and the Lostcabinian-has been considerably revised in the last decade
(Gingerich, 1980,1991; Schankler, 1980; Rose, 1981; Bown, 1979; Krishtalka and
Stucky, 1983; Stucky and Krishtalka, 1982,1983; Stucky, 1984). West et al. (1987)
considered that the early Wasatchian includes the Sandcouleean (the earliest Wasatchian)
and Graybullian, and is characterized by "multituberculates, Homogalax, Phenacodus,
Coryphodon, Hyracotherium, Hyopsodus, Haplomylus, Ectocion, Pelycodus, and
Diacodexis" (West et al., 1987, p.

8 6 ).

According to Gingerich (1991, p. 206), the early

Wasatchian is composed only of the Sandcoulean subage, which is based on the Sand
Coulee fauna. He further subdivided the Sandcouleean into three zones, the early
Sandcouleean (Wa-0, first appearance of Hyracotherium sandrae), middle Sandcouleean
(Wa-1, first appearance of Cardiolophus radinskyi), and late Sandcouleean (Wa-2, first
appearance of Atfia shoshoniensis). The middle Wasatchian is represented by the
Graybullian, which is defined by the first appearance of Homogalax protapirinus and can
be further subdivided into four zones: the early Graybullian (Wa-3a, first appearance of
H. protapirinus; Wa-3b, first appearance of Hyracotherium aemulor), middle Graybullian
(Wa-4, first appearance of Hyracotherium pemix), and late Graybullian (Wa-5, first
apprearance of Bunophorus etsagicus). The late Wasatchian is represented by the
Lysitean (Wa6 , first appearance o f Heptodon calciculus) and the Lostcabinian (Wa7, first
appearance of Lambdotherium primaevum). West et al. (1987) considered the Lysitean
as medial Wasatchian and proposed that "the forms that appear first in the Lysitean are
Heptodon, Absarokius, Loveina, and Hexacodus (Guthrie, 1967; Krishtalka and Stucky,
1985)" (West, et al., 1987, p.

8 6 );

and regarded the Lostcabinian as late Wasatchian,
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which is marked by the first appearance of Lambdotherium. The Lostcabinian is
characterized "by the first occurrence of Shoshonius, Antiacodon, Orohippus,
Megalesthonyx, Pauromys, Sciuravus, and Armintodelphys as well as derived species of
Esthonyx, Diacodexis, Absarokius, Hyopsodus, Cantius/Notharctus, and
Hymcotherium" (West et al., 1987, p. 8 6 ). According to Stucky (1984) the Lost Cabin
Member contains two distinct faunas and biostratigraphic zones. One, restricted to the
lower part of the Lost Cabin Member is the Lambdotherium Range-zone fauna, the "type"
fauna of the Lostcabinian. The other, restricted to the upper part, is the Palaeosyops
borealis Assemblage-Zone fauna, which is equivalent to the Gardnerbuttean fauna, as
defined by Robinson (1966).
In Western Europe, definition of the early Eocene was based mainly on marine rocks
and fossils of both marine invertebrates and plants, which are constrained by
radioisotopic dating and magnetic analysis ( Berggren et al., 1985). The definition of the
terrestrial strata and nonmarine mammals is based on correlation with the marine rocks
through interfingering of marine and nonmarine strata or radioisotopic analysis of
interbedded volcanic rocks. The European early Eocene stage can be subdivided into the
lower, the Spamacian, and the upper, the Cuisian. According to Gingerich (1989, p.
83), the earliest Spamacian mammals are very similar to those of the earliest Wasatchian
"both individually as genera and species, and taken together as a fauna", which especially
is indicated by the WaO fauna. The Cuisian fauna contains "67% of genera" that are the
same as those in the Spamacian and "59% are not known from later fauna" (Savage and
Russell, 1983, p. 74).
In Asia, the early Eocene mammal bearing strata are unconstrained radioisotopically.
The correlations of the early Eocene strata and fauna with the global geological timescale
are solely based on biostratigraphic ties to the North American and European sequences.
Dashzeveg (1982; 1988, p. 477) proposed that in Central Asia, the Paleocene-Eocene
boundary is beneath the Bumban member of the Naran Bulak formation, which "displays
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almost synchronous entry of condylarths (Hyopsodus), primates (Altanius) and
perissodactyls (Hymcotherium and Homogalax)" as in Graybullian fauna. He further
indicated that the "Bumban faunas and the Gray Bull fauna appear to be almost
contemporaneous and to correlate with the Spamacian fauna of the Meudon
Conglomerate in Paris basin". As mentioned previously, the Asiatic Bumbanian faunas
are represented by three biozones. The earliest, Orientobphus Interval Zone is
characterized by the first appearance of perissodactyls, cocomyid rodents, omomid
primates, and hapalodectid acreodi. Orientolophus hengdongensis, the first Asian
perissodactyl species (a tapiroid), is more primitive than the most primitive tapiroid
species Cardiolophus radinskyi from middle and late Sandcouleean, and the earliest
Graybullian of North America. The rodent Cocomys lingchaensis demonstrates in
premolar structure a level more primitive than that of the ischyromyids from the North
American Paleocene and Eocene (Dawson et al., 1984). Hartenberger (1980) suggested
that ctenodactylids, represented by Cocomys, and ischyromyids, represented by
Pamrnys, are independently derived from a primitive rodent stock. The Hapabdectes
hetangensis is more primitive than H. leptognathus from the Graybullian. The
perissodactyls first appeared in the Orientobphus Interval Zone in Asia and in the
Sandcouleean subage in North America, indicating that the Orientobphus Interval Zone,
in which the Hengdong fauna belongs, is probably equivalent to the Sandcouleean and
early Spamacian of Europe. The Homogabx Interval Zone is represented by the Wutu
fauna. The fauna is characterized by the first appearance of Homogabx, represented by
H. wutuensis. This species is similar to H. protapirinus from the Graybullean in both
size and basic structure, "the lower molars are essentially indistinguishable from those of
H. protapirinusbut differ from the latter in "having more trapezoidal M 1 and M2*3
having narrower posterior side" (Chow and Li, 1965, p. 20). The rodents in the Wutu
fauna show more diversity than those of the Hengdong fauna (pers. comm. Dawson and
Tong, 1994). The new materials of the Wutu fauna are currently under study by Tong
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and Wang. Based on the appearance of more advanced tapiroid species in both Wutu
fauna and Graybullian, it is most likely that the Homogalax Interval Zone is equivalent to
the Graybullian subage of the Wasatchian of North America. The Heptodon Interval
Zone is represented by several faunas, Shisanjianfang, Yuhuangding, Zhangshanji,
Niushan and ?Ningjiashan. The zone is characterized by the first appearance of the
advanced perissodactyl Heptodon. The Lysitean is also characterized by the first
appearance of Heptodon. The Heptodon Interval Zone is probably equivalent to the
Lysitean and Lostcabinean subage of the Wasatchian Mammal Age of North America.
POSSIBLE EARLY MIGRATION BETWEEN ASIA AND OTHER CONTINENTS
The Asian early-middle Paleocene faunas (Table. 1), consisting of about 60 species
of 8 orders, are characterized by the prevalence of Asiatic endemic forms. As indicated in
Fig. 19, the Asiatic endemic taxa, anagalids, euiymylids, and mimotonids (40%) and
didymoconids (1.67%), occupy 41.67% of the total species. A second large group is the
pantodonts, at 25%. The rest are mesonychids 11.66%, condylarths 5%, tillodonts
6 .6 6 %,

carnivores 5%, insectivores 1.67%, primates 1.67%, and uncertain taxon

1.67%. Although the remaining taxa show affinities to those of North America and
Europe at the ordinal level, none of the species is the same as those in North America and
Europe. Only two species, lEctoconus sp. and Dissacus rotundus, were assigned to the
same genera as those of North America. lEctoconus sp. was described based only on a
sacrum (Zhou, et al., 1977) and its systematic position is very questionable. Dissacus
rotundus is the least derived species of this genus (Ting and Li, 1987). It differs from D. navajovius of the Torrejonian fauna of North America and D. europaeus of the
Cemaysian fauna of Europe in being smaller and in having an unreduced m3 and more
conical cusps. The appearances of the most primitive species of several mammalian
orders are also characteristic of the early-middle Asian Paleocene fauna. Yantanglestes
conexus is the oldest and the least derived of the mesonychids, an extinct order linked to
the origin of the whales (Gingerich, 1981). Anchilestes impolitus may be the least
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derived of the tillodonts (Ting and Zheng, 1989). Decoredon anhuiensis is a species
now considered to include Diacronus anhuiensis and Decoredon elongatus, which were
previously assigned to the Anagalidae and Hyopsodontidae, respectively. This species is
suggested "to represent the oldest recognized member of the primate semiorder
Euprimates, either an omomyid or the representative of the common stock which gave
rise to the Adapidae and Omomyidae" (Szalay and Li, 1986, p. 387). Bemalambda
nanhsiungensis is more primitive than Pantolambda bathmodon from theTorrejonian of
North America in several aspects (Zhou et al., 1977), and the genus is considered as the
earliest pantodonts. Bemalambda is the only taxon distributed in all six Asian basins; and
its appearance is considered indicative of the occurrence of the early-middle Paleocene.
Prosarcodon lonanensis indicates "an early Asian occurrence of the microptemodontid
insectivores prior to their apparent restriction to North America" (McKenna et al., 1984,
p. 1). In addition to the appearances of the least derived forms mentioned above,
Pappictidops shows similarities to Ictidopappus of the Puercan and Torrejonian of North
America. The prevalence of the Asiatic endemic forms and the least derived forms
indicates that Asia was most likely isolated from the other continents during most of
early-middle Paleocene, and probably was the place where several mammalian orders,
including the pantodonts, tillodonts, and mesonychids, originated.
About 62 species of 13 orders of late Paleocene fossils have been reported (Table 2).
The composition of the late Paleocene fauna differs from that of the early-middle
Paleocene fauna in several aspects. The major change is the reduction of the prevalence
of the Asiatic endemic forms and the appearance of new taxa in the late Paleocene fauna.
As indicated in Fig. 20, the previously prevalent taxa, anagalids, eurymylids,
mimotonids, and didymoconids, were reduced, making up only 27.42% of the fauna.
New taxa, multituberculates (1.61%), dinocerates (6.45%), "edentates" (1.61%), and
arctostylopids (9.68%), account for 19.35%. The pantodonts are the largest group in the
fauna, at 33.87%. Remaining are the insectivores (3.23%), acreodi (8.07%), tillodonts
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Table 1. Early-middle Paleocene species (SH-Shanghu Formation, WH-Wanghudun
Formation, SZ-Shizikou Formation, ZS-Zaoshi Formation, FG-Fangou Formation, GYGaoyugou Formation)
Anagalida
Anagalidae
Linnania lofoensis SH
L qlngllngensis FG
Hyalyangale dtianshanensis WH
H. sp. WH
Diacmnus wanghuensis WH
Eoslgale gujingensis WH
Qlpantayui WH
Wanogale hodungensls WH
Anaptogale wanghoensis WH
Qtianshanla glanghuaiensis WH
Stenattagalexiangensis ZS
Astigalidae
Astigale nanxlongensls SH
A. wanensls WH
Ziiujegale lirenensis SH
Z jintangensis SH
Pseudictopidae
Anictops tablepedls WH
A. aff. tablepedls WH
Pamnictops tmjuscula WH
P. sp. WH
IP. sp. WH
Cartictops caninia WH
?Simplicidentata
Eurymylidae
Heomys sp. WH
?Duplicidentata
Mimotonidae
Mimotonawana WH
M. sp. WH
Carnivora
Miacidae
Pappictldops acles SH
P. obtusus SH
P. orientalis WH
Condylarthra
Hyopsodontidae
Yuodon protoselenoides SH
Palasiodon slurenensis SH
Periptychidae
lEctoconus sp. SH
Acreodi
Mesonychidae
Yantanglestesfeigattensis SH
Y. conexus WH

Dissacusium shanghoensls SH
Hukoutlterlum ambigum SH
H. shimenensls FG
Dissacus rotundus ZS
Mesonychidae indet. GY
Tillodontia
Esthonychidae
Lofochaius bmchyodus SH
Anchilestes Itnpolitus WH
Meiostylodon zaoshlensls ZS
?TilIodontia
Dasnoetodon ininuta SH
Insectivora
Microptem'odontidae
Prosarcodon lonanensls FG
Primates
?Omomyidae
Decoredon anhuiensis WH
Pantodonta
Bemalambdidae
Bemalambda nanhsiungensis SH,ZS
B. pachyoesteus SH
B crassa SH
B. shizikouensis SZ
B. sp. SH, WH
B. indet. WH, ZS, GY, FG
Hypsilolambda chalingensis ZS
H. impensa ZS
H. spp. ZS
Archaeolambdidae
Achaeolambdidae indet. ZS
Pastoralodontidae
Altilambda pactus WH
A. tenuis WH
A. yujingensis WH
Harpyodidae
Harpyodus euros WH
Plethorodontidae
Plethorodon chienshanensis WH
Order Uncertain
Obtususdon hanhuaensis WH
Didymoconidae
Zeuctherium niteles WH

condylarth;
carnivores

tillodonts 2s

6 .66%

mesonychids
11.66%

pantodonts

a. insectivores (1.67%)
b. primates (1.67%)
c. didymoconids (1.67%)
d. uncertain (1.67%)

Figure 19. Early-middle Paleocene mammalian fossil occurrence
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(1.61%), ?primates (1.61%), condylarths (3.23%), and uncertain taxon (1.61%). The
Asiatic endemic taxa are obviously the descendants of their early-middle Paleocene
ancestors. The pantodonts are more diversified than their early-middle Paleocene
counterparts. The early-middle Paleocene dominant group, the bemalambdids, became
extinct and were replaced by the archaeolambdids, which were distributed in almost all
late Paleocene strata. Radinskya yupingae is "very close to the morphotype from which
the 7t-shaped molar pattern of the mammalian order Perissodactyla can be derived"
(McKenna, et al., 1989, p. 24). Interogale datangensis, a late Paleocene tillodont, is the
least derived species showing the specialized tillodont snout features. It has a distinctive
enlarged i2 , much reduced i3 , and lacks pi (Ting and Zheng, 1989). Thepantodont,
tillodont, and mesonychid are most likely the descendants of their early-middle Paleocene
ancestors.
In the late Paleocene fauna, the multituberculates and dinocerates are most significant
and show a Nearctic affinity. The multituberculates have never been found in the
Paleocene and the early Eocene strata of southern China, which indicates that the
multituberculates existed only in northern Holarctica. The dinocerates do not occur in the
early and middle Paleocene strata in North America or Asia, but suddenly appear in the
late Paleocene in those continents. They never reached Europe. The late Paleocene
dinocerates are distributed only in northern Asia, the Turpan Basin of Xinjiang of China,
and the Nemegt Basin of Mongolia. According to Tong (1978), the Asiatic species
Prodinocems diconicus and P. simplum are less derived than the North American
counterparts in having P 1 present, less molarization of P4, and a complicated talonid of
m3 . The current hypothesis suggests that the Dinocerata originated in Asia and migrated
to North America (Tong, 1978; Schoch and Lucas, 1985); however, they did not reach
southern China in the late Paleocene, probably because of environmental factors. A
puzzling species, Emanodon antelios from the Nongshan formation of Nanxiong basin,
was described based on a complete skeleton (Ding, 1979,1987). Ding (1987) assigned
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the species to the order Edentata, mainly based on the initial development of xenarthry,
the appearance of ossified sternal ribs, and a secondary spine on the scapula. She
considered it probably as representing a side branch of the xenarthran ancestral forms or a
sister group to the edentates because of lack of a functional xenarthry, and erected a new
suborder, Emanodonta, to distinguish this animal from the true edentates. Rose and
Emiy (1993, p. 96) argued that "Emanodon lacks ischiosacral fusion ( a diagnostic trait
of Xenarthra), and the presence of true xenarthry and a secondary scapular spine are
ambiguous" and considered that the use of the ossified sternal ribs to assess relationships
is ambiguous. They suggested that Emanodon more likely represents an endemic group
of fossorial mammals convergent on Xenarthra and Palaeanodonta. Wible et al. (1990,
p. 217) questioned the occurrence of the sepromaxilla (a primitive feature for the
Xenarthra) in Emanodon.
Arctostylopids are a large group in the Chinese late Paleocene fauna, represented by
about 8 species of 7 genera belonging to a single family Arctostylopidae. Asiostylops
spanios from Chijiang Formation is the least derived member of the family (Zheng,
1979). It is suggested that the Arctostylopidae originated in Asia, more specifically,
probably in southern China (Zheng, 1979; Nesov, 1987; Cifelli et al. 1989). Simpson
(1978) proposed that the arctostylopids might not be true notoungulates and their
similarities to that of notoungulates may be convergent. Several recent studies have
emphasized the differences in dental morphology between the Notoungulata and the
Arctostylopidae, concluding that the dental similarities between the two groups are either
convergent or acquired independently, representing parallelisms (Cifelli, 1983; Schaff,
1985; Thenius, 1985). Cifelli et al. (1989) went even further to erect a new order,
Arctostylopida, for the Arctostylopidae and excluded them from the Order Notoungulata.
They suggest a relationship of Arctostylopidae to Notoungulata as sister taxa based on the
presence of the ectolophid on the lower molars. The appearance of Emanodon and
arctostylopids in the Asiatic late Paleocene fauna could have caused a problem in
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interpretation of the zoogeogmphic relationship between Asia and South America. The
recent reinterpretation and exclusion of Asiatic edentates and arctostylopids from the
South American groups seem plausible and resolve the geographic problematic
difficulties. I also believe it possible that the geographic barrio's between Asia and South
America cover the true phylogenetic relationship between these forms. The appearance of
the multituberculates in both Asian and North American late Paleocene fauna may.be
considered as a indication that the mammalian exchange between Asia and North America
may have begun around this time.
The composition of the Asian latest Paleocene fauna differs from that of the late
Paleocene in several aspects. The Asiatic endemic forms, the anagalids and eurymylids
(25%), are further reduced. The other groups, the mesonychids (13.64%),
arctostylopids (6.82%), dinocerates (6.82%), and the multituberculates (6.82%), are
increased (Table 3, Fig. 21). Remaining are the pantodonts (18.18%), insectivores
(6.82%), rodents (4.55%), ?perissodactyls (4.54%), creodonts (2.27%), "edentates"
(2.27%), and uncertain taxon (2.27%). The common distribution of the
multituberculates and dinocerates in both Asian and North American latest Paleocene
faunas indicates that the mammalian exchange between Asia and North America had
occurred during the latest Paleocene. The tillodonts, arctostylopids, mesonychids, and
dinocerates likely made occasional crossings from Asia to North America. However,
there is not enough evidence to indicate exchange between Asia and Europe. An obvious
difference between the northern and southern Asian late Paleocene fauna, the absence of
Nearctic common mammals -the multituberculates and the dinocerates- from all southern
Asian faunas continued through the latest Paleocene. This absence probably indicates
environmental differences between the north and the south, especially affecting the
multituberculates which never reached the south. The Asiatic endemic forms, the
anagalids, eurymylids, and mimotonids are abundant and diversified in the south,
especially in the Doumu fauna in which about 64% of the species are anagalids. The least
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derived eurymylids, Heomys orientalis', the least derived minotonids, Mimotona robusta\
and several more primitive pseudictopids, Anictops, Panmictops, and Allictops, are all
from the Doumu fauna. The least derived arctostylopid Asiostylops spanios is from the
Chijiang fauna. The appearance of less derived species in the south indicates that some
mammals originated there. Early migration northward from southern Asia very likely
took place.
About 6 6 early Eocene species belonging to 12 orders are reported and shown in
Table 4. Differing from the Paleocene, the early Eocene mammalian fauna is
characterized by the abrupt appearances and increase of modem mammalian orders. The
modem mammals, insectivores (18.18%), rodents (18.18%), perissodactyls (13.63%),
primates (3.03%), and carnivores (1.52%), comprise about half of the all early Eocene
species (54.54%) (Fig. 22). The endemic forms, eurymylids (10.61%), and
didymoconids (1.52%), reduced to a very small group. Pantodonts (15.15%) are mainly
represented by the coryphodonts. Although differences between northern and southern
Asia in the early Eocene mammalian faunas are still seen, they are not so distinct as in the
late and latest Paleocene. The most obvious difference is that the multituberculates have
still not reached the south. They are recently reported from the Wutu fauna (Tong and
Wang, 1994). The dinocerates, another common northern animal, had spread to the
south in the early Eocene, indicated by occurrences of Prodinocems lacustris and P.
australis from the Pinghu fauna. Homogala,c, Heptodon, Hapalodactes, Coryphodon,
and Miacis commonly occurred in Asia and North America. Basically the Asian early
Eocene faunas are cosmopolitan and much less endemic, which indicates that the major
exchange between Asia and North America had started at the beginning of the early
Eocene. At that time, the Bering Strait was probably an effective "bridge" between the
two continents, and hapalodectes, tapiroids, rhinoceras, and rodents may migrate from
Asia to North America.
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Table 2. Late Paleocene species (NS-Nongshan Formation, CJ-Chijiang Formation,
DM-Doumu Formation, DZ-Dazhang Formation, TZ-Taizicun Formation)
Multituberculata
Multituberculata indet. TZ
Edentata
Emanodontidae
Emanodon antelios NS
Insectivora
Family indet.
Hymcolestes ennineus DM
Insectivora indet. CJ
?Pri mates
Adapidae
Petrolemur brevimstre NS
Anagalida
Anagalidae
Hsiuannania tabiensis DM
H. minor CJ
H. sp. DM
cf. Huaiyangale leum NS
Pseudictopidae
Harltictops ntimbilis NS
H. meilingensis NS
AUictops inscrrata DM
Pseudictops chaii TZ
cf. P. tenuis CJ
Pseudictops indet. DZ
?Simplicidentata
Euiymylidae
Heomys orientalis DM
Euiymyloidea indet. DM
?Eurymylidae indet. TZ
?Duplicidentata
Mimotonidae
Mimotona wana DM
M. robusta DM
M. borealis DM
Tillodonta
Esthonychidae
Interogaledatangensis NS
Acreodi
Mesonychidae
Yantanglestes datangensis NS
Jiangxia chaotoensis CJ
IDissacus sp, CJ,
IPadtyaena sp. NS
Mesonychidae indet. TZ
Condylarthra
Hyopsodontidae
Hyopsodontidae indet. CJ
Peryptychidae
Pseudanisondm antelios CJ

Arctostylopida
Arctostylopidae
Asiostylops spanios CJ
Allostylops periconotus CJ
Bothriostylops notios CJ
B. sp. CJ
Sinostylops promissus DM
Arctostylopidae gen. et sp. n. NS
Pantodonta
Archaeolambdidae
Ardiaeolattibdadayuensis CJ
A. tabiensis DM
A. cf. planioanina CJ, TZ
A. sp. CJ
Nanlinglambda diijiangetisis CJ
N. sp. NS
Pastoralodontidae
Altilambda pactus NS
A. minor NS
A . s p . NS
Pastoralodontidae indet. DZ
Harpyodidae
Harpyodus decorus CJ
Pantolambdodontidae
Dilambda speciosa TZ
D. zbuguikengensis NS
Phenacolophidae
Mindienella grandis NS
Yuelophus validus NS
Ganolophus lattikenensis CJ
Tienshanllophus subashiensis TZ
T. lianmuqinensis TZ
T. shengjinkouensis TZ
Phenacolophidae gen. et sp. n. NS
?Phenacolophidae
Radinskya yupingae NS
Dinocerata
Prodinoceratidae
Prodinocerasdiconlcus TZ
P.tutfanense TZ
P.primigenum TZ
P. simplum TZ
Order Uncertain
Obmsusdon hanhuaensis DM
Didymoconidae
Archaeoryctes notialis CJ
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Figure 20. Late Paleocene mammalian fossil occurrence
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Table 3. Latest Paleocene species (BU-Bayan Ulan Formation, NM-Nomogen
Formation, ST-Shuangtasi Formation, ZG-Zhigden Member, NR-Naran Member, GSGashato, BT-Bugin Member)
Multituberculata
Taeniolabididae
Prionessus lucifer BU, NR, GS, NM
Lambdopsalis bulla BU
Spltenopsalls nonilts NM
Edentata
Emanodontidae
Emanodon sp. ZG
Anagalida
Zalambdalestidae
Praolestes nanus GS
Anagalidae
Hsiua/inmia magucnsls ST
Khashanagalezqfiae GS
IK. sp. GS
Pseudictopidae
Pseudictops lopldodon BU, NR, GS
?Simplicedentata
Eurymylidae
Eurymylus laticeps NR, GS
Khaychina elongata BT
Eomylus borealis BU
E. zltigdeiteitsis ZG, NR
Amaraleator ZG
Zagmys insolitus BG
Acreodi
Mesonychidae
Dissacus inagushanensis ST
D. indigenus NR
D. sp. GS, NM
Plagiocristodon serrants BU, NM
Padiyaenanemegetlca NR
P. sp. BU
Creodonta
Oxyaenidae
Oxyaenasp. NR
Insectivora
Microptemodontidae
Sarcodon pygtmeus GS, NM
Hyracolestes enninerus GS
"Sinopa" sp. NR

Arctostylopida
Arctostylopidae
Bothriostylopsprogressus ST
Palaeostylops iturus BU, NM, GS
Gashatostylops macrodon BU, ZG, NR, GS, NM
Pantodonta
Archaeolambdidae
Ardtaeolambdayangtzeensis ST
A. planicanina ZG, NR
A. trofimove BT
Pastoralodontidae
Pastontlodon lacustris BU
Convallisodon cottvexus NM
C. haliutensis NM
Pantolambdodontidae
Pantokunbdodon lophiodon NM
Coryphodontidae
Coryphodon tsaganensls NR
Dinocerata
Prodinoceratidae
Prodinocems efrenmi BU
P. martyr NR, GS, ZG
P. sp. BU, BT
?Perissodactyla
Brontotheriidae
^.Lambdotherium sp. BU
Helaletidae
1Heptodon sp. BU
Rodentia
?Alagomyidae
Tribosphenomys tninutus BU
?Rodentia
Rodentia indet. NM
Order Uncertain
Wanotherium xuandiengensls ST

in sectiv o res
(18.18%)

dinocerates
(7.57%)

rodents
(18.18% )

eurym ylids

(i0.'6i%)'.

"•\'i (IS 1S»J E--

Figure 22. Early Eocene mammalian fossil occurrence
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Table 4. The early Eocene species (LC-Lincha Formation, DB-Dabu Formation, PHPinghu Formation, WT-Wutu Formation, YH-Yuhuangding Formation, ZS-Zhangshanji
Formation, NS-Niushan Formation, NJ-Ningjiashan Member, SS-Shisanjianfang
Formation, BB-Bumban Member, UN-Member II and HI, AT-Aguyt Member)
Insectivora
Nyctitheriidae
Bumbanius varus BB
Oedolius perexiguus BB
Nyctitheriidae indet. BB
Lipotyphla indet. BB
Paleoryctidae
Namiiius injrequens BB
cf. N. sp. LC
Tsaganius amblguus BB
Pantolestidae
Pantolestidae indet. BB
Microptemodontidae
Hsiangolestes youngi LC
cf. Hyracolestes sp. BB
Changlelestidae
Cltanglelestes dissctifonnis WT
Insectivora gen. et sp. n. LC
?Simplicidentata
Eurymylidae
Zagomys isolitus BB
Gomphos elkema BB, UN, AT
Matutinia nitidulus LC
Rhombomylus laianensis ZS
R. turpanensis SS
R. cf. turpanensis YH
R. sp. BB
Acreodi
Hapalodectidae
Hapalodectes hetangensis LC
H. sp. BB
Condylaithra
Hyopsodontidae
Hyopsodus orientalis BB
H. sp. WT, SS
Arctostylopida
Arctostylopidae
Anatolostylops dubius SS
Arctostylops sp. BB
Pantodonta
Archaeolambdidae
Archaeolatnbda sp. BB, LC
Coryphodontidae
Coryphodon dabuensis DB
C.flerowi YH
C^nlnchiashanensis NJ
C. sp. SS, NJ
Aslocoryphodon conicus YH
A. lopliodontus YH
A. sp, LC

Heterveoryphodon sp. WT
Menteodon cf. youngi YH
Dinocerata
Prodinoceratidae
Prodinoceras lacustris PH
P. australis PH
P. sinyuensis NJ
P. xinjiangensis DB
IGobiatherium sp. YH
Carnivora
Miacidae
Miacis tenuis NJ
Ferissodactyla
?Isectolophidae
Orientolophus hengdongensis LC
lO. nainadicus BB
10. gabuniai BB
H. wutuensis WT
Helaletidae
Heptodon niushanensis NS
H. tianshanensis SS
c f .//. sp. YH
1H. sp. NJ
Family uncertain
Propachynolophus itengyangensisLC
Rodentia
Alagomyidae
Alagomys inopinatus BB
cf. A. sp. WT
Orogomyidae
Orogomys obscurus BB
Cocomyidae
Cocomys lingchaensis LC
Sharotnys singularis BB
S. parvus BB
Kharomys tnirandus BB
K. gracilis BB
Tsagatnys subitus BB
cf. T. sp. n. LC
Ulanotnys mirificus BB
Advenimus hupeiensis YH
Primates
Omomyidae
Altanius orlove BB
cf. A. sp. n. WT
Order Uncertain
Didymoconidae
Hunanictis inexpectatus LC
Multituberculata
Neoplagiaucidae
Mesodtnops dawsonae WT
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Figure 22. Early Eocene mammalian fossil occurrence
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CHAPTER III
SUMMARY
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The study of the early Eocene Hengdong fauna in this dissertation has covered
several subjects, including identification of new specimens, reexamination of published
species, defmition and characterization of Asian Paleocene and early Eocene land
mammal ages, and correlation within Asia and with North America and Europe. The
major conclusions can be summarized as follows.
1. The Hengdong mammalian fossils represent one of the earliest early Eocene faunas
in Asia. The fauna is composed of about ten species of seven orders of mammals,
including Hsiangolestes youngi and cf. Naranius infrequens (Insectivora); Hapalodectes
hetangensis (Acreodi); 'lAsiocoryphodon sp. (Pantodonta); Matutinia nitidulus
(?Simplicidentata); Cocomys lingchaensis and cf. Tsagamys subitus (Rodentia);
Orientolophus hengdongensis and "Propachynolophus" hengyangensis (Perissodactyla);
and Hunanictis inexpectatus (Didymoconidae). The species cf. Naranius infrequens, cf.
Tsagamys subitus, and Orientolophus hengdongensis are very similar to those of the
Bumban Member of the Naran Bulak Formation of Mongolia, the other Asian earliest
early Eocene fauna. These two faunas are considered to be correlative.
2. The study of cranial materials of Matutinia nitidulus indicates that this species is
more primitive than Rhombomylus turpanensis from the Shisanjianfang Formation in
several aspects, including having a much smaller dorsal exposure of the mastoid process,
less development of bony septa in the mastoid process, and a flatter and simple bulbous
promontorium. A distinct stapedial foramen at the posterior comer of the medial wall of
the tympanic bulla indicates that the stapedial artery may have its own entrance to the
tympanic cavity in this animal as it does in some murid rodents.
3. Hapalodectes hetangensis probably represents the most primitive species of the
genus. It is the smallest among the known species and possesses a well developed
metaconid on the lower molars.
4. Orientolophus hengdongensis represents the most primitive tapiroid known so far.
Two Mongolian species, Hyracotherium gabuniai and Homogalax namadicus, show

179
striking similarities to O. hengdongensis in dentition and in size. The Mongolian species
most likely belong to the genus Orientobphus.
5. "Propachynobphus" hengyangensis differs from the European equoid species P.
maldani and P. gmndryi in having a closed circular basin like third lobe of m3 , lophodont
protoloph and metaloph, and metalophid more labially connected with the posterior wall
of the hypolophid. P. hengyangensis may not be a equoid. It probably represents either
a primitive tapiroid or a chalicothere judging by its dental similarities to these two forms.
6.

Exclusion of P. hengyangensis and Hyracotherium gabuniai from the early

equoids leads to the conclusion that equoids probably did not occur in the early Eocene in
Asia.
7. The Shanghuan Land Mammal Age, the first Asian Cenozoic land mammal age, is
early-middle Paleocene in age, defined to include the faunas that occur during the time
between the first appearance of Order Pantodonta, represented by Bemalambda, and the
first appearance of Order Arctostylopida, represented by Asiostylops. Two zones, the
older, the Bemalambda Interval Zone, and the younger, Archaeobmbda Interval Zone,
are recognized from the following areas, the Shanghu Formation of the Nanxiong Basin
of Guangdong Province and the Wanghudun Formation of the Qianshan Basin of Anhui
Province, China. The Bemalambda Interval Zone is defined by the first appearance of
Bemalambda, represented by B. nanhsiungensis and B. pachyoesteus, and the first
appearance of Archaeobmbda, represented by a new species of this genus. The
Archaeobmbda Interval Zone is defined by the first apprearance of a new species of
Archaeobmbda and the first appearance of Arctostylopida, represented by Asiostylops
spanios. The Shanghuan may be correlated with the Torrejonian of North America.
8.

The Nongshanian Land Mammal Age, the next-to-latest subdivision of the

Paleocene, is defined to include the faunas that occur during the time between the first
appearance of the Order Arctostylopida, represented by Asiostylops, and the first
appearance of the Order Rodentia, represented by Tribosphenomys. Three zones can be
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recognized from the Nongshanian, mainly from the Chijiang Formation of the Chijiang
Basin of Jiangxi Province and the Doumu Formation of the Qianshan Basin of Anhui
Province, .China. From the oldest to the youngest, they are the Asiostylops Interval
Zone, the Sinostylops Interval Zone, and the Dinocerata Interval Zone. The Asiostylops
Interval Zone is defined by the first appearance of Asiostylops, represented by A .
spanios, and the first appearance of Sinostylops, represented by S. promissus, The
Sinostylops Interval Zone is defined by the first appearance of Sinostylops, represented
by S. promissus, and the first appearance of Dinocerata, represented by Prodinocems
diconicus. It is best known from the Doumu Formation of the Qianshan Basin of Anhui
Province and the Nongshan Formation of the Nanxiong Basin of Guangdong Province,
China. The Dinocerata Interval Zone is defined by the first appearance of Dinocerata,
represented by P. diconicus, and the first appearance of Rodentia, represented by
Tribosphenomys minutus. This zone is recognized from the Taizicun Formation of the
Turpan Basin of Xinjiang Province, China. The Nongshanian is most likely correlated to
the Tiffanian of North American.
9. The Gashatan Land Mammal Age, the latest Paleocene, is defined to include the
faunas that occur during the time between the first appearance of Order Rodentia,
represented by Tribosphenomys, and the first appearance of Order Perissodactyla,
represented by Orientolophus. One zone, Rodentia Interval Zone, is best recognized
from the faunas of Member I (Gashato) of Khashat Formation and the Naran Member of
the Naran Bulak Formation of Mongolia; and the Bayan Ulan Formation of Inner
Mongolia, China. The Gashatan is suggested to be correlated to the Clarkforkian of
North America.
10. The Bumbanian Land Mammal Age, the first Asian Eocene land mammal age, is
defined to include the faunas that occur during the time between the first appearance of
Order Perissodactyla, represented by Orientolophus, a primitive tapiroid, and the first
appearance of the more advanced perissodactyl family Helaletidae, represented by
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Hyrachyus, a rhinoceros. It is characterized by the first appearances and early
diversification of several modem mammalian orders, including tapiroid perissodactyls,
omomyid primates, and cocomyid rodents. The Bumbanian is correlated to the North
American Wasatchian and European Spamacian and Cuisian. Three zones can be
recognized in the Bumbanian. They are, from the oldest to the youngest, the
Orientolophus Interval Zone, the Homogalax Interval Zone, and the Heptodon Interval
Zone. These zones are defined by various genera of perissodactyls since they indicate
distinctive evolutionary trends among early tapiroid-rhinoceroid perissodactyls in Asia.
The Orientolophus Interval Zone is defined by the first apprearance of Orientolophus,
represented by O. hengdongensis, and the first appearance of Homogalax, represented by
H. wutuensis. This zone is best recognized from the Bumban Member of the Naran
Bulak Formation of Mongolia, and from the Lingcha Formation of the Hengyang Basin
of Hunan Province, China. It is correlated to the North American Sandcouleean of the
Wasatchian and to the European Spamacian. The Homogalax Interval Zone is defined by
the first appearance of Homogalax, represented by H. wutuensis, and the first appearance
of Heptodon, represented by H. tienshanensis. This zone is best recognized from the
Wutu Formation of the Wutu Basin of Shangdong Province, China. It is correlated to the
North American Graybullian of the Wasatchian. The Heptodon Interval Zone is defined
by the first appearance of Heptodon, represented by H. tienshanensis, and the first
appearance of Hyrachyus, represented by H. modestus. This zone can be recognized
from the Shisanjianfang Formation of the Turpan Basin of Xinjiang Province, Niushan
Formation of the Niushan Basin of Shangdong Province, Yuhuangding Formation of
Xichuan Basin of Henan Province, Zhangshanji Formation of Laian Basin of Anhui
Province, and probably Ningjiashan Member of Xinyu Group of Yuanshui Basin of
China. It is tentatively correlated to the North American Lysitean and Lostcabinian of the
Wasatchian.
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The fact that the Asiatic endemic forms occupy more than 40% of total early-

middle Paleocene species, and none of the species is the same as in North America and
Europe, indicates that the Asia was most likely isolated from the other continents during
most of early-middle Paleocene. The mammalian exchange between Asia and North
America probably began at the late or latest Paleocene. The Asian early Eocene faunas
are basically cosmopolitan and much less endemic, indicating major exchange between
Asia and North America. The tillodonts, arctostylopids, mesonychids, dinocerates, and
rodents probably originated in Asia and migrated to North America.
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